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AUTHOR'S PREFACE. 



•♦> 



The use of rolls for the manufacture of iron is 
unquestionably an English invention. The first grooved 
rolls were constructed in the year 1783 by Henry Cort, 
who thereby laid the foundations of a magnificent indus- 
try, but suffered grievous ill-usage, and died a miserable 
death. 

The subject of roll-turning has been so scantily 
treated in all the books which have described the 
manufacture of iron, that very little that is useful 
can be gleaned from their pages. None of the late 
books on the subject contain more mformation than was 
given by Karsten in 1841, though since that time extra- 
ordinary progress has been made in the art. The chief 
ground of this neglect of this vital branch of the in- 
dustry is, in my (pinion, to be found in the fact that 
those who have lately written on Iron Metallurgy 
have not, as a rule, been practical metallurgists, but 
only metallurgical chemists, and, therefore, they have 
neglected as trivial such things as passes, or, perhaps, 
have even held it beneath their dignity to write about 
them ; they have, however, accomplished a great deal in 
their own branch. 



iv authob's pbeface. 

Eduard Matirer published in 1865 a work, or rather 
atlas, containing the finished sections of many different 
kinds of iron ; but there was nothing in his work which 
treated of roll-tunning except a few ideal drawings, in 
which the finishing passes of many sections were drawn 
on the same pair of rolls. Some years ago, Mr. Bieder- 
man, a true metallurgical engineer, proposed to publish a 
Work on roU-tuming, illustrated with correct drawings, 
which, together with the corresponding manuscript, I 
have seen, but the publication of which was given up for 
reasons unknown to me. 

These facts show that there must be some great diffi- 
culty in publishing such a work, which is, indeed, actually 
the case. This difficulty is caused by two circumstances : 
by the fact that the art rests not on theory, but on wide 
experience — ^the men of experience being seldom able, and 
rarely willing, to publish their knowledge for the benefit of 
others; and by the fact that if such a work shall really 
serve a useful purpose, so many drawings are necessary 
that the cost of the work becomes excessive, and the labor 
of the author unremnnerative. The first circumstance, 
rather than the latter, has therefore prevented ine from 
writing any complete treatise on roll-turning, though I have 
often treated of special points, and in 1838 furnished the 
text and drawings for a small work on rail-making, which 
was published by Industry and Trade Society of Inner 
Austria. 

For some 25 years I have felt the necessity of such 
a work as the present, and felt it tlje more deeply when I 
observed, as I often had the opportunity of doing, that 
many men, and especially those from abroad, regarded 
themselves as indispensable to this or that mill merely 
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because they possessed the drawings of a few sete of 
rolls which had been used and liked. 

I have, therefore, at last determined to publish this 
treatise, which, however, makes no pretence to infalli- 
bility or entire completeness. 

P. TUNNER. 



TRAJISLATOR'S PREFACE. 



■♦•* 



In translating the present work I have followed the 
original text almost ^literally, and have placed my own 
additions in their proper places, and as far as possible at 
the end of the articles to which they belong. The author 
has written so thoroughly on every detail of roll-turning 
that there remained little to say except on a few points, 
the most important of which are the prevention of fins, 
and the relative advantages of large and small rolls. I 
have endeavored, as respects the former point, to so 
refer in various ways to the different methods of pre- 
venting fins as to show that, in my opinion, the most 
important principle of rolling is to prevent them, while 
giving all passes the requisite draw. For instance, it 
requires the nicest skill to proportion passes for red short 
iron, in such a manner that the bars shall be rolled so 
quickly, and with such draw, that they may be smooth 
at the finish, without at the same time giving so much 
draw as to force the metal into the interstices of the 

■ 

pass. I have also advocated the use of large rolls, be- 
canse they are stronger and less injnrions to the bars 
than small ones, while I have, at the same time, pointed 
out how the disadvantages of the large rolls may be 
overcome. 



viii transultob's pbefage. 

I have, however, added nothing from American practice 
to the book, because of the difficulty which Herr Tunner 
mentions, viz., that men who have invented anything 
advantageous are naturally not inclined to aUow their 
experience to be made public in this way without some 
advantage in return; therefore I have not mentioned 
some important American modifications of rolling mill 
practice, the foremost of which is the application of 
the three high mill to rolling rails, and peculiar arrange- 
ments of the grooves of the rolls, which have been 
made by the Messrs. Fritz, and adopted in most of our 
largest mills. I have omitted these, however, with the 
less reluctance since they are not absolutely essential 
to a thorough knowledge of the practical principles of 
roll-turning, and of the design of rolls, and because the 
main object of this work is to inculcate these principles 
carefully, and to illustrate them separately by a few 
good drawings, rather than to offer a collection of ex- 
amples of various kinds of work I deem that this object 
will be furthered by the fact that this work of Herr Tunner 
offers a careful digest of European practice on almost 
every point of the art, and believe that American mill 
managers wiU find it profitable to study these rolls, designed 
to work up various irons, many of them widely different 
from our own, and compare them with those in use at 
their own mills. 

In respect to the nomenclature used, I have been obliged 
to invent several names, in the choice of which I have 
made it my object to prefer those names which already had 
a practical meaning in any similar position — ^thus, for in- 
stance, in the case of "^Be^," which term I have used to 
designate the projections which separate Gothic and 
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simflar passes, and whose surfaces are not at right 
angles to each other, but may be at various angles 
and of different forms. In the use of the word groove 
I have not held it to be synonymous with pass, but to 
represent only one-half of the latter, viz., the groove 
which, in any form of pass, must be turned upon one 
or both rolls. In some varieties of passes this groove 
is closed by a fillet on the other roll which projects 
into it, and the surface of which is turned in such a 
way as to give the desired form to the bar, generally 
by means of strong pressure. I have, therefore, called 
this fillet the ^^forrmVy' a term which will, I trust, be 
found acceptable, both on account of its practical sound, 
and as clearly expressive of the uses of the part. 

The measurements given in the text are in all cases 
in Austrian inches and parts of inches, because the differ- 
ence between these and the English is very small indeed. 
Their exact equivalents may be found in the tables on 
page 91 and succeeding pages. 

All the figures in the atlas are to the scale of -^ natu- 
ral size, unless otherwise specified. The dimensions are 
marked on them in Austrian inches, which may be con- 
verted into English by means of the above tables. 

I have thus endeavored to present to mill managers 

and roU-tumers, and all who take an interest in the art 

of roll-turning, a carefully prepared system, by the aid 

of which it may be possible to raise the practice to a 

higher level. 

John B. Pearse. 



ROLL-TURNING. 
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Seo. 1. By the term roll, as used in the iron trade, is un- 
derstood those cylindrical bodies which are made of cast- 
iron — sometimes of cast-steel, and also, though seldom, of 
wrought-iron. These cylinders are furnished with smooth 
turned continuations at each end, and are accurately placed 
and borne in a special frame or hovsing. A revolving motion 
is communicated to the rolls through a shaft coupled to their 
projecting ends, and this shaft may be driven by a steam en- 
gine, or any form of water-wheel, either directly or indirectly, 
by means of toothed wheels or belts. In each housing are 
placed at least two rolls, which is the most usual number, 
although the use of three together is becoming general, while 
under special circumstances four have been placed in the 
same housing. In the latter case, however, the rolls are 
arranged in pairs, and the common axis of one pair need be 
neither parallel to, nor in the same plane with, that of the 
other pair. 

That part of the roll which is between the smooth turned 
continuations, and therefore lies free when in the hoasings, 
is the part which is used for rolling the iron, and is called 
the " body " of the roll. The smooth continuation, which 
revolves in a special journal, supported in the housing, is 
called the " neck" while the projecting ends upon which the 
couplings take their hold, are called the ^^pods." 

Fig. 1. 





In the figure, a is the body of the roll ; 6 6 are the turned 
parts of the necks which rest in the journals or brasses, and 



c c are the pods which project beybnd the jonmals. and to 
which either a shaft or another roll is coupled. Every 
roll must have two necks. The notched part of the neck is 
unnecessary when no further coupling is wished, and when 
the upper roU is carried round merely by the friction occa- 
sioned by the passage of the iron, both notched ends may be 
dispensed with, but they are almost invariably added for 
convenience' sake, as it might be necessary to use the rolls 
coupled. Such rolls may be called " drag rolls j' but differ 
from the coupled rolls merely in not being directly driven. 
The neck is not always cylindrical in its whole length, but is 
strengthened or curved outwards where it joins the body of 
the roll, as is shown in Figure 1. This is especially the case 
where the rolls must exert a great pressure on the piece to 
be rolled. The coupled ends are often notched or star- 
shaped, as in the figure, but may also be made square, or of 
a circular section, with either two opposite or three equidis- 
tant notches, which are moderately deep. 

For many purposes— such as rolling plate or polishing 
hoop-iron — ^the body of the roll has the form of a smooth 
cylinder. Such rolls are called plate or polishing rolls, and 
are exemplified in Fig. 1. In other cases, the body of the 
roll is made up of several cylinders, arranged like steps. 
Such rolls are called step roUs, and, in connection with pecu- 
liar guides, are used in rolling flat iron, spring steel, etc. In 
such cases they save many grooved rolls, which would be 
otherwise necessary. Figure 33, on Plate m., represents 
such a step roU, and Figure 34 shows the necessary guides ; 
both figures are -jV fuU size, and will be described hereafter. 

§ 2. By the term "pass " is understood those sections of 
various forms which are produced by the relative position of 
the different grooves and projections which are turned upon 
the surface of the rolls ; the form of the pass appears sharply 
marked on looking between the rolls when in position. The 
term groove is sometimes used as synonymous with pass ; it 
is, however, preferable to confine it strictly to the groove on 
the body of a single roll. A pass may be formed by two cor- 



responding grooves, or by a single groove, into which there 
fits a fillet or ring on the other roll. It is best to call this 
ring the '^/ormer,^' in distiQction to the term ^^ coUar,''^ 
which has reference, as generally used, rather to the fillet, 
which, while dividing one pass from another, projects into a 
corresponding groove on the body of the other roll. 

Just as two rolls are necessary for rolling, so two corre- 
sponding rolls are necessary to form a pass. It is, however, 
very seldom that a pass is formed by more than two rolls, for 
if three rolls are in the same housing (three high system), 
they lie horizontal, parallel, and with their axes in the same 
vertical plane, and the passes are formed by the middle, al- 
ternately with the top and bottom roll ; therefore, by two 
rolls only. It is only in isolated cases, such as the roUing of 
thin iron tubes, that the pass is formed by four correspond- 
ing rolls which work together. Therefore, in all following 
descriptions, it must be always taken for granted that the 
pass discussed is formed by two corresponding rolls, un- 
less the contrary is expressly stated. Now, one roll almost 
always lies vertically over the other, and in the same plane ; 
therefore, in a two high train, where two rolls are used, they 
are called respectively the bottom roU and the top roll. In a 
three high train, however, when three rolls are placed above 
each other in the same housing, the third is called the middle 
roU. 

The passes formed by a pair of rolls are usually intended 
for successive use, i. e., one directly after the other; but 
other passes, or a set of passes, belonging to an entirely dif- 
ferent series, may be turned on the same rolls, in which case 
the two sets are entirely independent of each other. Be- 
tween two neighboring passes there must be left a proper 
space, which takes the form of a projecting rib or ring, and 
is therefore called a collar. The two corresponding rings 
at the end of each roll, which form the outside of the last 
^ pass, are also called collars. The term eoUary in its proper 
- sense, means a ring with rectangular edges. In order to dis- 
tinguish those projections (other than formerSy and not of 
rectangular form) which separate the individual grooves of 



many varieties of rolls, it will be neoessar; to denomuiate 
them body-^Uets and end-jUlets respectively. The body-Sllets, 
80 called, are those which are on the body proper of the roU, 
and vhose shape on either side is determined by the groove 
on that side, while the end-fillets are those which lie at the 
extreme ends of the roll, and which always have on© rec- 
tangnlar edge, i. e., the outer one, though the inner edge may 
be of any form required by the adjacent groove. For the 
purposes of these definitions it will be sufficient to consider 
as ixUlars all rings whose edges are rectangular, or nearly so, 
while all those of which each side is obviously tamed to form 
one side of a groove, must be called body-filleta. 

§ 3. The variouB forms of passes may be referred to the 
following seven divisions, according to the position of the 
pass and the way in which it is formed by the rolls. 

1. Open Passes. — In this form, as shown in Fig. 2, part of 
Pm. a. tli6 P*^ is tamed upon one roll, the 

, other and corresponding part upon 
j the other roU. The divisions be- 
I tween the passes are formed by a 
I fillet, turned on each roll; there- 
1 fore the pass (either the box pass a 
I or the Gothic pass 6) is seen to be di- 
I vided between the top and bottom 
! roll, horizontally and nearty in the 
middle, as are also the body-fillets, 
!, d, e, and c', d' and e*. The body- 
fillets remain, as it were, as rem- 
nants of the original body of the 
roll into which the necessary grooves have been turned ; 
when the pass is large, however, it is roughly formed in cast- 
ing the rolL The body-fillets of the top roll sometimes touch 
those of the bottom roll when it ia desirable to preserve the 
size, and especially the height of the pass unchanged ; but, 
as a rule, more or less space is left between them (a small 
play ia, for instance, observable in the drawing), whereby the 




pass IB left more or less open at the point of division. There 
are moDj and very different reasons why this play is left be- 
tween the body-fillets. Sometimes the object is to save 
passes, and then the top roll is raised for the first passage of 
the bar, and lowered as desired for every succeeding pas- 
sage ; bat such a procedure should be resorted to only in 
case of necessity. Again, it often happens that the body- 
jSkta, or in other cases the aMara, are kept apart, in order 
that the size of the pass may be changed to the size which a 
test-piece shows to be the proper one. This is the case in 
finishing rolls, especially those for fine bar iron or rod, but 
in these cases the play must be small. A third reason is, 
that such play is s protection against breaking the fillets, to 
secure which protection the construction described in Article 
10 is also desirable. 



2. Closed Passes. — ^In this form, as shown in Figure 3, a 
groove is cut so deep into the body of the bottom roll that 
the edge is higher than the total height of the pass. Buch 
Fia. 3. grooves are shown in the adja- 

cent figure at a, h and c. Now, 

in order to obtain the requisite 
j form in the pass, a projection, 

1 viz., former, must be turned on 
I the upper roll, as at d,e, / (in- 
I stead of a groove, as in Fig. 

~), and this former must fit into 
I the groove in the bottom roll, 
thus closing the pass. The 
I whole pass is thus sunk into the 
I bottom roll, and the collars pro- 
per, viz., g,k, i and k, are found 
only on this roll, as they fit into corresponding grooves, I, m, n 
and 0, in the top roll. By this construction the collars of 
the bottom roU revolve with as little as possible side-play in 
the grooves of the top roll, but a moderate space is left be- 
tween the surface of the collar and the bottom of the corre- 
sponding groove. This being the case, the height of the pass 
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can be changed at will, as far as the vertical space allows, 
by raising or lowering the top roll, without at any time open- 
ing the pass. 

It is evident that it is not absolutely necessary that the 
groove should be in the lower roll, and the former in the 
upper one ; but were the contrary the case, the introduction 
of the bar into the pass would be rendered difficult, and con- 
sequently the exertion required on the part of the rollers 
would be much greater. The arrangement of grooves and 
formers above described is, therefore, the usual one. We 
find, however, instances where the grooves are in the upper 
and the formers in the bottom roll, as shown by Figures 59 
and 65, on Plate V. The reason for this exception will be 
given in Article 26, in which the construction of rolls for 
angle iron is discussed. 

Bolls with closed passes cost more than those with open 
ones, but possess the important advantage, that the sides of 
the pass form a certain guide for the bar at its entrance and 
exit. 

3. Half Open Passes. — ^These are passes which are closed 
on one side and open on the other, at the pitch line. This 
form occurs occasionally where difficult and complicated sec- 
tions are to be rolled, and is illustrated in Fig. 40, on Plate 
m., by the last two passes on the right. The case also oc- 
curs where the immediate bounding lines of a pass would 
seem to indicate an open pass, which is, notwithstanding, 
seen to be a closed pass on regarding the remoter bounding 
lines. An instance of this latter kind occurs on Plate V., in 
the first two passes (on the left) of Fig. 61. As the above 
cases have the main characteristics of a closed pass, they are 
commonly regarded as such, and are not specially clasi^ed. 

4. Edging Passes. — ^The position of these passes is gener- 
ally sufficient to distinguish them, but their main character- 
istics appear distinctly only during use, as their function is 
to exercise a powerful pressure on the bar, and because the 
bar is turned only 90 degrees before its introduction into 



snoh a pass, instead of 180 degrees, as ia the use of all others 
— that is, all others on a single pair of rolls, as in a three 
high train, nearly finished bars not turned over when they 
have been brought nearly to the required form. The edging 
passes are generally closed passes, as is shown in Fig. 40, on 
Plate nX, by the first pass on the left ; or on Plate IV., in 
Fig. 44, by the last pass on the right ; in Fig. 45, by the 
middle pass ; and in Fig. 46, by the first pass on the left ; 
or on Plate VL, in Fig. 68, by the last pass on the right ; 
and in Fig. 71, by the pa^ on the right. These passes may, 
however, be open, as is shown by the last pass on the right 
in Fig. 16, on Plate II., and also by the last pass on the r^ht 
of Fig. 53, on Plate V. 

The so-called adjusting passes, as well as the JkUttng passes, 
are named from the nature of the work they do ; they re- 
semble the edging passes in their position, and their names 
are, therefore, mentioned here, while their speoial description 
will be presented hereafter. 

6. EccENTBio Passes. — These are, aa the name implies, 

passes which are turned eccentrically to the axis of the rolL 

As a rule, only one roll, and generally the bottom one, is 

Fia. i. 




tnmed eccentrically, as shown by Fig. 4, which is a section 
of a pass for rolling the so-called ^A-6eKy rails. Sometimes 



the top roll ia tamed eccentrioallf, but it is very seldom that 
both are bo tamed. 

The bar whiah hae gone through anch a pass is natorallj 
of Tarjing depth, and the point of least depth repeats itself 
at mterrals oorreaponding to the ciromoferenoe of the bottom 
of the pass. 

It is evident that no more than one soch eccentric pass 
can be used on the same bar, and also that it most be the 
last Snch passes occasion trouble in rolling, and increase 
the percentage of scrap and imperfect bars ; therefore, they 
are seldom used.*^ 

6. Spibal Passes are those in vhich the bottom of the pass 
is not a circle but a spiral, which, more or less, nearly ap- 
proaches a circle, and in vhich the under line is joined to the 

Fto. E. 



J' 



^pper, just before i i/ nn 'iir the latter, by an arc of a 

•circle, as represent In I ^ '' 

* The beat method of avoiding snch » pass ia to bo ammge the rolls tbtt 
'their relatiTe pofation in a vertical pluie ma; be changed dnring the passes 
■of the bar. Such an arrangement ie not similar to that of a tjra mill, aa in 
the latter the rolls cod be moved at will nearer to each other ; here, however, 

they are gradualljr moved to and &om each other at a rate and to an extent 

which ate de&nittd; fixed befotehejid. 
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The upper roll is the one nsnally turned in this way. This 
form resembles the eccentric, but has the peculiarity that it 
gives a much more gradual taper to the bar than the latter. 
This is, therefore, the form of pass applied in the small 
rolls used for pointing-wire, and in the larger ones which 
give the wedge shape required by bars for some varieties of 
springs. The end to be rolled out into a wedge is thrust 
quickly through the pass as soon as the depression appears, 
and is then rolled out again directly back into the hands of 
the roller. A stop on the other side of the rolls prevents the 
bar from being thrust too far, and it -is usual to turn several 
of these passes of various sizes in the same rolls, in order to 
be able to taper out finished bars of various shapes and 
sizes. In order to produce this form of groove, it is neces- 
sary to turn an eccentric groove, and then chip oflf as much 
metal from its highest side as is required to form the desired 
spiral. 

7. iNTERMrrTENT PASSES. — The peculiar feature of these 
passes is that the bottom of the pass is made either with 
notches or projections of various forms, which are applied to 
either roll singly, or to both, as made necessary by the 
finished form desired. The notches or projections must, of 
course, be placed at an equal distance from each other, in 
order to avoid waste. Such a pass is represented in Fig. 101, 
Plate X., as applied to the production of " spike-rod." Like 
the eccentric passes, these can only be used to finish. By 
varying the form and position of the notches or projections, 
a very great number of diiBferent forms may be produced. 

§ 4 Another and a very common classification is made ac- 
cording to the shape of the pass. The following seven va- 
rieties are usually distinguished : 

1. Gothic Passes. — These passes have the form of a 
Gothic arch, as represented in Figs. 1 to 7 inclusive, on Plate 
L They are always open passes. 

2. Flat Passes (to which class the Box Pass belongs). — 
The form of these passes is a rectangular parallelogram of less 
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height than width, as shown in Figs. 8 to 12, on Plate L, and 
in Figs. 16 to 29, on Plate IL A flat pass is always a closed 
one / when made an open one, it becomes a box pass. 

3. Diamond Passes. — These are square in their general 
form, and are represented in Figs. 13 and 14, on Plate L, or 
better in Fig. 30, on Plate XL They are, with very few ex- 
ceptions, open passes. 

4. Oval Passes. — These are shown in Fig. 36, on Plate 
nX, along with diamond passes ; they are, like the latter, 
ahnost always open passes. 

5. Bound Passes. — These are similar to those drawn on 
Plate TTT., in the last pass of Fig. 35, and in the right half 
of Fig. 36. They are always constructed as open passes. 

6. PoLTGON Passes. — In this division are included prin- 
cipally hexagon and octagon passes. The latter form may 
be found in the left half of Fig. 36, on Plate TTT. These are 
always Open passes, and are often included in the following 
class. 

7. Shapes. Under this head are included all those passes 
which are differently formed from any of the preceding, and 
among them there exist very complicated forms. As a rule, 
these passes are of the closed form. 

§ 5. In addition to the two methods of classifying passes, 
as above described, they may be individually named accord- 
ing to the work which they are to perform. Considered in 
this Ught, the four following kinds of passes may be dis- 
tinguished : 

• 

1. Welding Passes. — ^By this term is understood those 

passes through which the piece is rolled while at a welding 
heat. These are naturally the first passes, and generally the 
first three, and are made with a very great draw or reduction, 
in order that the pile may be powerfully compressed. Their 
surfaces are often roughened with the chisel, in order that 
they may take firm hold of the pile. The forms most gener^ 
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ally given them are the Gothic or flat, with the exception 
that, in the case of a good many large shapes, the form of 
the first pass must be accommodated to that in which it is 
necessary to make the pile. 

2. Drawing Passes. — ^In these the section of the pile is 
often not at all regarded, the main object being to reduce it 
as fast as possible. This character is especially marked in 
rolls for merchant bars. In rolls for rails, I beams, etc., the 
final form cannot be disregarded ; hence in these, and in all 
similar cases, the rapid drawing down of the pile or bar 
must be accompanied, to some extent, by a shaping process. 
These passes are used immediately after the welding passes, 
and are often similar to them in form. The Gk)thic form is, 
however, the most useful, as it admits of a very heavy draw, 
as will be hereafter explained. Any number of these passes, 
up to 10 or 12, may be used successively in one heat. Both 
the above classes are often collectively included in first and 
second roughing passes, and may be turned together on one 
pair of rolls, though often constructed on two. 

3. Shaping Passes. — ^These mould the bar gradually to the 
desired form, at the same time reducing its sectional area. 
In the first of these passes the reduction is great, while the 
bar remains hot and soft, and, consequently, flatting passes 
are often used to increase the reduction, as well as to assist 
in shaping. The number of these shaping passes varies 
greatly. In the case of the simpler forms they are constructed 
as the last preparatory or roughing passes, but when compli- 
cated shapes are rolled they often form the necessary welding 
passes. Such a case is presented in Fig. 82, on Plate Vlll., 
which delineates the passes for large deck beams, or T iron. 

4. Finishing Passes. — The object of these passes, which 
are the last in the train, is to complete the form of the bar, 
and make its surface smooth and clean. The reduction 
given these passes is very small, and the contraction of the 
finished bar, on cooling must be provided for in the last one. 
Strictly speaking, the last pass only could be called a finish- 
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ing pass, but the piece is often rolled several times throagh 
it, as in the ease of the heavier round iron. Strictly speaking, 
the last pass only could be called a finishing pass, but the 
piece is often rolled several times through it as in the 
case of the heavier round iron. Sometimes two finishing 
passes are placed side by side, or a rough space is left 
for the second, in order that the latter may be ready for 
use, or easily turned up, when the first is worn out. Some 
of these passes always precede the finishing pass on the 
same rolL When the terms first and second roughing are 
used, most of these passes are included with the finishing 
passes proper, under the term of finishing passes. 

The following varieties may also be named from the 
nature of their service : 

6. Flatting Passes. — ^These are distinguished from all 
others in that they greatly increase the width of some part 
of the bar rolled through them. To this end, they must 
exert a considerable draw, and in this respect, as well as in 
their position, they are ranged with the edging passes. They 
are extensively used in rolling shapes, such, for instance, as 
T rails. 

6. Adjusting Passes. — These are used, when the finishing 
is accomplished with step or polishing rolls, in order to give 
the bar the desired width, and finish its comers. To ac- 
complish this end, the bar must be rolled on its edge, and 
the pass, therefore, must be made high and narrow. If the 
bar is to be finished with rectangular comers, the use of a 
special guide arrangement, as shown in Fig. 34, on Plate in., 
is often preferred to that of the adjusting pass ; but the use 
of the latter cannot be well avoided if the comers of the 
piece are rounded offi These passes are, with few excepr 
tions, open. 

§ 6. If we regard these respective divisions more gen- 
erally, we find that the six kinds of passes described in § 5 
separate themselves into roughing and finishing passes. 
This is especially the case in ordinary bar-iron rolls, and 
these designations are quite convenient. This being the 

se, the rolls which contain these respective passes can be 
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respectively called ronghing and finfabing rolls, which are 
ike practical designations. When there are two sets of 
roughing rolls, those which contain the welding and part of 
the drawing passes are called the first roughing rolls, while 
those which contain the other drawing and part of the 
shaping passes are called the second roughing rolls, and 
those containing the rest of the shaping and the finishing 
passes are called the finishing rolls. These terms agree with 
those used in forging, viz., the finishing or polishing the forg- 
ing which has been previously drawn down out of a larger 
pile or ingot. 

As we have stated above, the passes necessary to the 
production of any desired shape need not be confined to two 
rolls only. They are sometimes all turned on a single pair, 
but much more generally divided among three, or sometimes 
five, or even a greater number of pairs. The passes are thus 
divided, not only to avoid too great a length between the 
necks, but also to get more room for the men by separating 
the pairs. Sometimes it is an object to be able to alter at 
will the height of certain passes, particularly the last two 
finishing, or to get a different angular velocity (f. e., surface 
speed) for special passes, which object is attained by group- 
ing them as far as possible on different rolls. In rolling 
wire rod, it is necessary that the bar should be in several 
passes at a time, and it is therefore desirable to so separate 
these passes as that they may be conveniently reached and 
worked. 

It is, also, not necessary that a pair of rolls should be 
tamed exclusively for one section, but there may be upon 
the rolls passes of widely different sizes of the same, or even 
of an entirely different kind. 

When a number of roUs, with their respective housings, are 
set up in a continuous line and so coupled that their indivi- 
dual velocity must be the same, the combination of rolls and 
housings is called a traiii of roUs. The various trains are 
named according to the kinds of iron they produce. Thus a 
train which receives squeezed or hammered balls and trans- 
forms them into puddle bar, is called a puddle train, while a 
series of rolls for rails is similarly called a rail train. The 
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trains devoted to round or square iron, small bars of fancy 
sections and angle irons, are, in a general way, called mer- 
chant trains, which, in a large mill, may include heavy and 
light bar, or wire-rod trains, etc. 

§ 7. After the foregoing general view and classification of 
the passes which commonly occur in a set of rolls, it will 
be most useful to consider the way in which the individual 
passes act upon the iron, before their construction in detail 
is discussed. 

A pass, no matter what its form, can exert a direct pressure 
on the iron only in a perpendicular direction, at right angles to 
the axis of the roll. This pressure diminishes the height of 
the bar rolled, but does not materially affect its width. Now, 
as this reduction of height occasions a corresponding increase 
of length, we may call this pressure the draw pressure. The 
difference in section between successive passes is called the 
draw or draught, and is occasioned mainly by the difference 
in height of the respective passes. It is clear that the width 
of the bar cannot be directly affected, since the sides of the 
pass must be parallel in a horizontal (though not necessarily 
in a vertical) direction, in order to permit the passage of the 
bar. Therefore, the sides of a pass can exercise no direct 
pressure on a bar, and cannot take hold of one wider than 
their own distance apart. Such a bar can scarcely be intro- 
duced, and the excessive iron is forced into all the interstices 
of the pass, forming fins, which are torn off, or remain to 
materially injure the smJace of the bar. 

In order to facilitate the rolling, it is necessary to construct 
each of the successive passes a little wider than the prece- 
ding. This difference in width varies from almost notlung to 
an eighth of an inch or more, according to the size and form 
of the passes. It follows, therefore, that the successive pass- 
es should be made wider and wider, and this is indeed com- 
monly the case when the bar is either not turned over at all, 
or tamed 180 degrees after each pass. It would, however, 

^aztremely inconvenient to thus widen any large number 
seessive passes, and it becomes necessary to intersperse 
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flatting passes (vid. § 3) among the rest ; for these passes the 
bar is turned only one quarter over (t. e. 90"), whereby the 
former thickness or depth of the bar becomes its width, and 
the former width becomes its depth. The pass succeeding 
the flatting pass is then narrower than the one which pre- 
ceded the same, and forms the starting-point of a new 
series, which is again intercepted by a flatting pass,, when the 
width of the grooves becomes inconveniently great. There 
are, hovever, some forms of passes, such as the Gothic and 
Diamond, in which the bar must be turned quarter over at 
each pass, and, consequently, the depth and width of the bar 
interchange positions at each pass. Here the successive 
passes must be so proportioned that the height or depth of 
one pass is a little smaller than the width of the next. This 
arrangement of passes is so important that it is termed by 
Tmran, " the fundamental principle of rolling." 

In flat passes, however, and in some shapes, the necessity 
of increasing the width of the successive grooves may be par- 
tially and even wholly avoided, by slightly increasing the width 
of each groove from the bottom of the same, outwards. This 
construction enables the pass to take in easily a bar which 
otherwise could scarcely be introduced, and is of additional 
use, in that it greatly facilitates the exit of the bar. 

Although the vertical draw-pressure is the only one direct- 
ly exercised by the grooves, yet a side-pressure is indirectly 
occasioned, since the iron is more or less soft and yielding, 
and is, therefore, not only drawn out lengthwise, but also 
bulged out sidewise and pressed against the sides of the 
pass, if the latter is not wide enough to allow the pile or bar 
to spread without contact. This is seldom the case, and 
hence the sides, in preventing further spreading, exercise a 
pressure opposed to the draw-pressure. Let us, therefore, 
caU the former force the side-pressure. Now, this side-pres- 
siure will be greater as the draw is greater, the width of the 
pass remaining the same, and vice versa, the greater the 
width the less the side-pressure, the draw remaioing the 
same. The side-pressure must be correctly proportioned to 
the draw or draw-pressure, in order that the bar may take 
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the exact form of the pass ; when the former is too great, 
the iron is forced into the interstices between the body-fillets, 
or between the collars and the formers, which necessarily 
cannot touch each other, and a fin is formed as well in, the 
case of closed as of open passes. Therefore, when the piece 
must be quickly reduced, as in drawing or shaping passes, a 
powerful draw must be employed, and, therefore, the widths 
of all the passes should be made proportionately greater, on 
acQount of their considerable width as related to their depth. 
For instance, the oval passes are extensively used in reducing 
small sections. 

This relation between draw and side pressure is obvious, 
and, therefore, easily understood. It is, however, not so 
clear why a piece of iron which is at a higher heat, or which, 
on account of its chemical or physical character, is softer 
than another, widens proportionately less, and hence occa- 
sions less side-pressure than the latter piece, which is harder, 
and resists the draw more strongly. The following experi- 
ment proves, however, that such is actually the case : Four 
bars, two of which were of soft iron and two of steel, were 
rolled through the same closed pass into flat bars 1 inch wide 
and I of an inch thick. An iron and a steel bar were brought 
to a cherry red heat, while the second iron and the second 
steel bar were brought nearly to a welding heat. All were 
then passed through polishing rolls, furnished with accurate 
guides, and reduced at one passage to a thickness of i^ of 
an inch. In this way all were exposed to the same draw- 
pressure, while entirely at liberty to expand laterally. The 
result was, that, in the case of the iron, that bar which had 
been rolled at the lowest heat was several per cent, wider 
than that rolled at the high heat, and the same was true in 
the case of the steel bars ; it also appeared that the steel 
bar was in each case somewhat wider than the iron one which 
had been rolled at the same heat. The latter result was 
especially surprising, but its correctness cannot be doubted ; 
its accuracy is further proved by the fact that it is generally 
known among merchant iron rollers that in rolling long hoop 
iron the rear end of the bar, which grows comparatively cool 
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before it is rolled, is always appreciably wider than the other 
end, even though it remains somewhat thicker. 

It is easier to understand the fact that if the same pass is 
turned on rolls of different diameters the iron will be length- 
ened more, and widened less, in the rolls of small than in 
those of large diameter. The same principle applies here as 
in the working of a hammer with broad or narrow die : the 
narrower the die the quicker is the piece drawn out ; and if 
it is desired to forge a thin plate under a broad die it must 
be forged out crosswise, and with frequent turning under a 
special narrow tool, which thereby supphes the place of a 
narrow die. 

§ 8. At first sight it appears that it would be the best and 
most natural arrangement to turn one half of a pass on the 
top, and the other on the bottom roll. In this case the half 
of the depth (sometimes the half of the sectional area) of the 
pass would be under, and the other half over, a horizontal 
line drawn midway between the axes of the rolls, which line 
is called the pitch line. If the pass were thus divided any 
force would easUy turn the bar, at its exit, either up around 
the top roll or down around the bottom roll. This some- 
times happens to the slabs of a large pile, when the bottom 
or top ones are torn off and curled up. Now, if a bar, or a 
single slab of a pile happened so to curl up, it would natu- 
rally not only make the same worthless, but also be likely to 
break a roll, or occasion other damage, such as destroying 
pipes or guides, etc., and, therefore, special appliances must 
be used to prevent th^se accidents. But if the depth of the 
pass was equal above and below the pitch line, these appli- 
ances would be necessary on both rolls — an arrangement 
which would not only be difficult, but also inconvenient; 
therefore the depth of a pass is always so divided that a 
little more lies under the pitch line than above it, when the 
pass is designed for ordinary two high rolls. In other words, 
the diameter of the groove on the top roll is made somewhat 
greater than that of the other groove on the bottom roll. 
The upper surface of the bar is, therefore, lengthened or 
drawn out more than the under one, which causes a tendency 
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in the bar to curl down toward the bottom roll. Thus it be- 
comes possible to use only one set of appliances, or guards, 
on the under roll, as there is now no danger that the bar will 
curl around the top roll. 

There are, further, two kinds of these appliances ; the one 
is horizontal and projects into the pass, and is called a guard ; 
the other kind stands verticallj behind the pass, and on each 
side of it, so as to prevent the bar from swerving to the side. 
These upright pieces are termed guides, and are supported 
on a cast-iron plate called the " bearing plate,'' the front edge 
of which sometimes takes the place of a special guard, as 
detailed below. 

The guards consist, in their simplest form, merely in a 
cast-iron plate, which is laid behind the rolls, and so formed 
that it projects into each pass, though not accurately fitted 
to the same, thus loosening bars from the rolls if they have a 
tendency to curl down as they come out. This cast-iron 
plate, or " bearing plate,'' also carries the guides, as men- 
tioned above. When, however, the section of the pass is 
small, or its form complicated — ^in which case it would be 
difficult to loosen the bar — ^it is necessary to lay upon this 
cast-iron plate a flat wrought-iron bar which has the exact 
shape of the pass, and closely fits the curve of the rolL If 
the pass is irregular — as an eccentric pass, for instance — ^it is 
best to place a second guard imder the first, slanting up 
against the roll from a bar placed under the bearing plate. 
This guard is kept by its own weight against the bottom of 
the groove. 

If the difference between the diameters of the working 
sturfaces of each groove is made too great, the guards are 
unnecessarily strained and rendered useless, while the bar 
itself is injured by the unequal draw of its surfaces. The 
proper difference of the diameters varies with the character 
of the iron and the circumstances of its treatment, and must 
be carefully ascertained and regulated. The following rules 
represent the general practice : 

In the case of plain open passes the diameter of the top 

U is from xV ^o | of an inch greater than that of the bot- 
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torn roll. In the case of closed flat passes the groove in the 
bottom roll is cut so deep that its diameter is from r? to | of 
an inch less than that of the former which closes it. In rolling 
shapes it sometimes happens that more than § of the pass is 
under the pitch line. In the case of larger roughing passes 
and of flatting or edging passes, the differences of diameter 
of the worJking surfaces vary from ^ of an inch to 1 inch, 
and even more. 

In all the drawings of grooved rolls, or of passes, which 
will be given hereafter, the diameter of the working surface 
of the grooves will be added in figures, or the pitch line of 
the pass will be drawn in. The classification found most con- 
venient in treating the construction of the various passes in 
detail is the one described in § 4. It has been my aim to 
discuss in the following pages the construction and the draw 
of series of passes, to treat of their application, and, as far 
as possible, illustrate all descriptions of rolls by means of 
accurate (working) drawings to the scale of iV? appending 
the respective passes in full size. 

§ 9. The Gothic passes are very important, are frequently 
used, especially as roughing passes, and are constructed and 
applied in many different forms. They possess the advantage 
of being simple and durable, while they do not chill the bar 
irregularly, as their form approaches a circular one, and, on 
the other hand, as their form is so nearly square they draw 
the bar equally on all sides. This form was described by 
Karsten in the last edition of his 
work on iron, in Figs. 1 and 2, on 
Plate LIII. ; but the construc- 
tion there given is entirely incor- 
rect, as the depth of the pass is 
much greater than its width, and, 
so far as my experience goes, this 
form has never been used. 

A very simple and practical 
construction is shown in Fig. 6, 
the depth and width of the pass 
being supposed to be given. 



Fig. 6. 
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To constnict the pass, draw the straight lines a b and cd sA 
right angles to one another ; lay out from their intersection 
at the half of the given width on each side in a and ^, 
as well as the half of the given height above and below 
the horizontal line in c and d. Then with the radios a h 
describe from the point b an arc near the point m. With 
the same radius describe an arc from d which intersects 
the former at m. Further, with the same radius describe 
from the point m the arc b (2, which is one side of the pass. 
By the same process repeated from each point, a c and d in 
torn, the points np and q are found, and the respective arcs 
described, as shown in the figure. The sharp comers at a 
and b must be rounded off, as shown in § 10, Fig. 9. 

In this construction the first point to be considered is, 
whence the given depth and width are derived. Now, the 
absolute dimensions of the first pass are regulated by the 
size of the pile to be rolled, or, vice veraa, the size of the 
piles must be regulated by that of the first pass in the 
roughing rolls on hand. In most cases it suffices to give the 
first Qothic pass such dimensions that a pile of 5^ to 6 inches 
high can be taken in. This is the practice for puddle blooms 
and small piles, but for larger piles the Gothic pass is seldom 
used. The only case, in my experience, in which this form 
was nsed witix more kan 7 inches average diameter, was in 
an English mill, with the special purpose of taking in the 
puddle balls direct from the furnace, in case the forge ham- 
mer should suddenly break down. In order to have no 
difficulty in rolling ttie balls, they were made rather cylin- 
drical than spherical. It generally suffices to give the first 
pass an average diameter of only 5 inches, as when pUes 
larger than this are rolled, the rolls can be opened for the 
first two or three passes by raising up the top roll for, and 
lowering it after each passage of the pile. 

Further, the usual difference between the depth and width 
of a pass is mostly about one-sixth of the average diameter 
of the same, hence about one inch for the first and largest 
passes. Therefore the depth and width of the first pass may 
4rom these data be easily supplied in special cases. 
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Another method of construction is given in Fig. 7, which 
is extensively used in Upper Silesia and Austria, and origi- 
nated with the Nestor of Continental rollers, Mr. Talbot. In 
this method, a circle of 
the average diameter de- ^'^' 7. 

sired is used as the basis, 
and is hence called the 
Construction circle* In 
this construction circle 
the horizontal and verti- 
cal diameters a h and c d 
are drawn and continued 
on each side beyond the ^^ 
circumference. The hori- 
zontal diameter is divided into five equal parts, and one of 
these parts is subdivided into eight. The lines a a' and hh' 
are laid off of a length equal to five of these subdivisions, 
and the points a' and h' denote the extreme horizontal 
width of the pass. With a radius of ^ of the diameter a 6, 
lay off the points efg and h from the points a and h ; then, 
with a radius of 2| fifths of a & (t. e., ^ of the diameter), de- 
scribe arcs from a' and &', and mark the points of iuterseo- 
tion at m n^ m' and n\ These four points are the centres 
of the required arcs, h d, d/, etc., which form the sides of the 
pass, and are described from these points with the radius 
mhornfy etc. From the points g and 1y describe, with a 
radius equal to f of the diameter, two arcs cutting one 
another in the point r, and from this point, with the same 
radius, describe the arc g h ; repeat the operation for each 
arc h' A, e a', and a'/, and the pass will be properly closed. 

The constructions illustrated in Figs. 6 and 7 ^ are chiefly 
used for puddle roughing rolls, but for the roughing rolls of 
a merchant or guide train, the following construction is pre- 



* It is not possible to explain either these or any following forms of passes 
on any mathematical or physical principles ; but the Tarions constmctions 
given represent forms which have been gradually determined by experience, 
while a fixed and approved measure is given for each curve and line which 
forms any given pass. 
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ferred. This is shown in Fig. 8, and differs from that shown 
in Fig. 7 in that the points e and / and g and h are joined 
respectively to a' and h'^ not by means of arcs of a circle, but 
by straight lines, and that the extension of the horizontal 
diameter of the construction circle, and consequent width of 

the pass, is somewhat less. The 
^^'^' horizontal diameter a 6 is divided 

as before into 5 equal parts, but 
^^5^ one of these is subdivided into 

Xa 16 parts, and the lines a a' and 
Vy h b' are laid off with a length 
"''7/ equal to 8 of these subdivisions. 
/ The four points, m m', n and w', 
^^n' are are found as before, from 
(' a' and b', but with a radius of 

2t7 fifths of a 6 (i. c, H of the 
diameter) ; the arcs which form the sides are then further 
described, as in Fig. 7. The form of Fig. 8, as compared 
with that of Fig, 7, shows a little less width and a greater 
height ; the pass is, therefore, better closed at the sides, a 
form which is desirable for the more compact material (f. e., 
pile of flat bars) to be rolled, which contains by far less 
slag than puddle balls, and out of which the slag is rolled 
far more easily than out of the latter, because it is hotter. 

For the roughing rolls of a bar train in which the draw 
(or draw pressure) must be very great, in order to reduce as 
quickly as possible, when for this reason, the use of oval 
passes does not seem desirable, it is advisable to draw the 
arcs described from a' and 6', and intersecting the circle at 
m w, m' and n' with a radius of 2^ fifths (i. e., ^ of the 
diameter), whereby the depth of the pass is slightly re- 
duced. 

§ 10. The draw or draught of a pass is, as explained in 
§ 7, a difference between its area and that of the next larger 
pass ; and in the case of the Gothic form, as well as in that 
of some other forms, the width of one pass must be a trifle 
in excess of the height of that which precedes it. The dif- 
ference varies with the absolute size of the pass, amounting 
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in small passes to about -^ of an inch, and in large passes to 
about 4 of an inch. A greater excess is found only in the 
first two passes of puddle roughing roUs, as it is necessary 
that these should have ample mdth in order to safely take in 
blooms which are irregularly formed. In these passes the 
width of one is often from J to § of an inch greater than the 
height of the preceding. The draw must also be regulated 
by the quality of the iron to be roUed. A good quality bears 
without injury a strong pressure, and rolls smoothly under a 
draw which would tear a poor iron to pieces. It is, however, 
scarcely necessary to remark that an unnecessarily light 
draw delays the rolling greatly, and, therefore, increases the 
amount and cost of the required labor. The draw should 
obviously be as heavy as possible, but local experience only 
can guide to a correct construction. Hence this local expe- 
rience is exceedingly valuable, but is too often inaccurate, 
and even imaginary. 

The draught of Gothic passes is on the average about yVy 
but increases with the size of the passes up to i or |. Small 
passes, with a draw of |, would be useless, as such a reduc- 
tion woidd cause the formation of fins — ^thin, riband-like 
longitudinal projections along the sides of the bar, where it 
has been forced against and between the body-fiUets. With 
reference to the diameter of the construction circle, a simple 
and approved construction for the Gothic passes of puddle 
rolls, which is used at many works, is the following : 6 inches, 
6, 4i, 3i, 3i, 21, 2f , 2f, 2*, 2, and 1| inches diameter of the 
circles of the successive passes. Here we see immediately 
that more attention has been paid to simplicity than to 
accuracy. The first, or sometimes even the second, of these 
passes is skipped when the balls have been made too small, 
while the smaller passes are only used as far as the kind of 
puddle bar, which is to be produced, requires. For instance, 
it often happens that the five passes, from that of which 
the construction circle is 5 inches diameter to that of 
which it is 2| inches diameter, are the only ones used when 
the balls are formed in the furnace to a weight of about 1 
cwt., and rolled into bars 3 inches wide. The above reduc- 

3 
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and drawing passes for bar-iron rolls, even of quite small 
size, therefore Fig. 6, on Plate I. is added ; this represents 
the roughing rolls of a bar-iron train, in ^ full size, while 
th^ corresponding passes are shown in fall size in Fig. 6. 
These passes are drawn according to the method described 
ii § 9, Fig. 8. Figure 7, on Plate I., represents in full size 
merely the roughing passes of a train for smaU bar-iron, 
which are constructed similarly to those of the puddle rolls 
shown in Figs 1 and 2, on Plate L Both of these rolls, viz.. 
Figs. 6 and 7, are Styrian, and the latter is in use at Neu- 
berg. 

As may be seen in the drawings, the draw of these passes 
is about the same as that of the puddle rolls above de- 
scribed. Taken strictly, one would expect a less draw for 
small bar-iron, because the latter is pretty solid, and espe- 
cially because it is of great importance that the finished bars 
should be free from imperfections ; but the Styrian iron bears 
quite a heavy draw, in spite of its frequent steel-like quality, 
and the absolute draw of the puddle rolls above described 
was not very great. At other mills, the draw of the same 
rolls is frequently much lighter ; in which case single passes 
can be often skipped, where experience has shown this to be 
admissible. 

If the grooves are large and deep they weaken the roll 
very much, by reducing its sectional area, and this is espe- 
cially the case when they are near the middle, as this is the 
weakest point. In such cases the diameter of the roll 
must be so great that its diameter in these grooves is greater 
t'lan the diameter of the neck, and the passes themselves 
should always be placed next the neck. For these reasons 
the largest Gothic passes are often placed at one end of the 
rolls, then the second, and so on ; but in the case of small 
rolls, or any in which the diameter may be proportionately 
too small, it; is advisable to place the first and second passes 
at one end, and the third at the pther, the succeeding passes 
decreasing in size toward the first two. Many rollers think 
that the first or welding passes should be nearer the centre 
of the rolls, as the slag which is squeezed out of the pile 
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might get into the journals ; but it is much more important 
to avoid breakages by making the rolls strong, than to avoid 
a hypothetical injury to the necks or journals, especially as 
"the latter can be easily prevented by placing an iron shield 
or dnder-plate between tiie rolls and journals. Sometimes the 
roll is especially notched to receive the cinder-plate, while it 
is often the case that the end-fillet of large rolls sufficiently 
protects the neck. 

The use of Gothic passes in three high trains for smaU bar 
is quite frequent, and very advisable, as the arrangement of 
the passes presents no difficulty. The construction of the 
passes remains the same, but it is necessary to make the 
diameter of the top roll about ^V of an inch greater, and that 
of the bottom roll about ^ of an inch smaller than that of 
the middle roll. lathis case the guards rest on bearing-bars 
before the middle and lower rolls. If hanging guards are 
used, the top roll should also be about ^ inch smaller than the 
middle roll. In a forge near Leoben the three high system 
is thus used for the puddle rolls, and with marked success. 

The last Gothic pass represented in Fig. 7, Plate I., has a 
diameter of nearly | of an inch (or ^ inch length of side) ; 
but it is seldom that the diameter is less than one inch, as 
the pass, when so small, would not roll accurately enough, 
especially if the sides were much curved. When the drawing 
passes must be so small, it is better to use oval and diamond 
passes alternately. 

§ 12. Box passes are used as welding passes, when the pile 
is large, or its form varies considerably from a square. Such 
passes are, of course, always open ones, with rounded anglep, 
while the sides of the body-fiUets form an obtuse angle with 
the bottom of the pass, as shown in Plate 11., JB^g. 16. The 
grooves of the top roll are notched or furrowed, in order that 
ihey may take a better hold. 

When the section of an open box pass does not differ ma- 
terially from a square, it is often so constructed that the pile 
may be passed once, turned quarter over, and returned 
through the same pass, which has been somewhat closed. 
In this way a few passes may be saved, and sometimes the 
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able, by the adjustment of the roDs, to bring the passes into 
the desired truly round form. 

The constructions described in Figs. 17 and 18 are used 
without guides ; for if a guide is used, the bar must be fin- 
ished at a single passage, as the guides do not possess the 
necessary accuracy when the bar is very nearly round. The 
distinction between guide rolls and those without guides is 
not a sharp one. In many mills, all round bars under an inch 
thick are rolled with guides ; in others, rounds as low as | of 
an inch, or even less, are roUed without guides, the bar being 
guided by hand. The diameter and the required length of 
the bar determine the kind of rolls to be used ; for the longer 
the bar becomes, the more uncertain becomes its guidance 
by hand, even though a second roller helps to guide. 

Boughing rolls for large rounds are similar to those shown 
in Figs. 6, 6, 7, 13, and 14, on Plate L, aU which have been 
already described. Finishing rolls for large rounds have 
been described in the first part of § 17, and represented in 
Fig. 86, Plate DDL 

§ 19. Polygon passes are employed almost exclusively in 
the hexagon or octagon form, to finish bars of similar sec- 
tion. The corresponding roughing rolls are, like those for 
rounds, furnished with Qothic passes. When the section is 
large, as for instance 1^ inches between the sides, and when 
the comers are to be rolled sharp and the sides smooth, it is 
best to use three shaping passes, a plan which is preferred by 
Mr. Baildon, of the Donawitz mill, near Leoben. 

Feg. 19. 

kQ -O" <I> -0- <£>- 

' These are shown in Fig. 19, in which the height of one 
pass is always somewhat less than the width of the next suc- 
ceeding, since the bar is turned one-quarter over, after each 
passage through the rolls. The finishing pass, which has 
the form of the polygon, may be placed similarly either to 
4 or to No. 5 in the figure. 
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In the case of light bars of polygon form, one shaping 
pass is sufficient, which should have nearly the required form ; 
but the width of this pass shoidd be greater than its height, 
in order that a sufficient-draw may be afterwards applied in 
the finishing pass. 

The draw of these passes is proportioned according to the 
general rules which have already been laid down for the 
purpose. 

The rolls drawn in Fig. 36, Plate HE., contain merely the 
finishing passes for octagonal bars; these passes are not 
intended to be used successively in the order given, but each 
pass is intended to finish a bar of octagonal form, but of 
different weight. The details of these rolls are, like those 
described in § 17, not very clear, on accoimt of the small 
scale. 

§ 20. Shapes include a very great and perhaps ahnost un- 
bounded variety of passes, the construction of which varies 
of course with their form. 

In recent times there have been so many, and such 
quite new appKcations of iron to buildings and machinery, 
that the number of shapes has increased enormously. 

Their number is, indeed, so great that it is impossible to 
treat of them exhaustively, or, indeed, to arrange them satis- 
farctorily, according to a few generic forms. It is, therefore, 
necessary to be guided by the practical importance of the 
chief forms, in the selection of so many of them as it is 
desirable to describe in detail. By handling, thus, first and in 
greatest detail, the forms which occur most frequently in 
general practice, a far greater amount of useful information 
may be imparted, than would be possible were the book to 
be unduly filled up with the discussion of shapes which are 
sometimes exceedingly difficidt to construct, are never pro- 
duced in large quantity, and are never likely to become a 
lucrative product of a miU. 

The most important and frequently occurring forms are 
naturally rails, tyres, angle iron, deck or T, and I beams, 
some half round forms, such as felloe iron, etc., and finally some 
of the principal varieties of spike and sash iron ; these will be 



taken up respectively in the above order. But before the 
rolls for the individaal kindB are described, it will be neces- 
Bory to preface some general rules for the proper construc- 
tion of rolls and passes. The composition, size, and form of 
the variotts piles for rolling must, therefore, be first consid- 
ered, as these details stand in intimate connection with the 
system of passes used. 

§ 21. A large ori^al section of the pile contribntes quite 
essentially to the good quality of the interior of the finished 
product, as well as to its handsome appearance; but the 
greater the original seotional area, the greater are the costs 
of manufacture. Therefore, economical reasons render it 
necessary that certain limits should be set to the size of the 
pile. The larger the section of the finished product, the less 
it is possible to enlarge the original section. The billet out 
of which wire rod A inch thick is rolled has a section over a 
hundred times as large as that of the rod, while the piles 
which are made up for rails, tyres, I beams, etc., have often 
Bcarcely five times the sectional area of the finished product. 
When these large shapes are heavy, and the reduction of 
area must consequently be small, it is necessary, especially 
if the form is somewhat complicated, to give the pile a spe- 
P,^ g^ cial form correspond- 

ing to the finished 
shape. This is done 
in order to employ 
fewer shaping pass- 
es. In the adjacent 
Fig. 20, A and B rep- 
resent two piles of 
this kind for an I beam 12 to 18 inches deep, and of the form 
represented by C. 

It is also necessary to consider the quality of iron de- 
manded by the individual parts of the pile, and in putting 
the latter together, that special goodness or quality be pres- 
et in any part where the rolling or subsequent use makes a 
auality desirable, and, on the contrary, that a cheaper 
■^er quahty be used for other parts, so that the cost 
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of the product may be as small as possible. Those parts in 
the above figure which are marked a and b are made of iron 
which has been once or twice reheated and rolled (usually 
designated as Nos. 1, 2, 3, or " best," " best best," " best best 
best," according to the whole number of times the iron has 
been rolled). The parts e, on the other hand, are made of 
puddle bar. 

Fig. 21 represents another feature of the formation of a 
pile, which, though not exactly made necessary by the passes 
used, still affects materially the economy of their working. 
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The section A of the figure is nearly square ; the side view 
B shows, on the contrary, that the top and bottom bars are 
considerably longer itan ti.e xniddle ones. This is on ac- 
count of the fact that, were the bars equally long, the middle 
part a of the finished beam c would be longer than either 
flange, and would have to be sawn off to make a beam both 
ends of which were of the proper form. The pile is, there- 
fore, arranged as above, in order to economize material. The 
hatched parts are, further. No. 2 iron, while the rest is pud- 
dle bar. 

Even the direction of the fibre of individual parts of the 
pile must be considered in arranging the latter. For in- 
stance, when single-lipped chairs were rolled at 
Zoptau, in Moravia, to the form A, Fig. 22, the 
individual chairs being sawed off and the Ups 
bent down simply, as shown in B, very many 
Ups or feathers were broken off, so long as all 
parts of the pile were arranged as usual, and so 
that the fibres aU ran in tiie direction of the 
length of the pile, while the feathers were bent 
across this direction. This difficulty was obvi- 
ated by taking out the longitudinal bar from the 
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position a, and laying it in its place and next each other nar- 
row strips 4 inches wide, with the fibre running crosswise. 
These strips were cut from No. 3 bars, while the other parts, 
with the exception of the three layers of puddle bar, &, &, b, 
consisted of No. 2 iron. 

It must also be here remarked that yery large shapes are 
not usually rolled out of a single pile, but are composed of 
parts rolled separately, and afterwards welded together. 
Thus, for girders of a depth of two feet or over, the top and 
bottom flanges, a and &, are rolled separately, while a wide 
bar or plate, c, forms the web, the respective pieces being 
joined by the double channel bar, m. The flanges are 
usually heavy deck beams (T iron), of a strength 
corresponding to the size of the desired girder. 
The parts are fitted to each other, as shown in 
the adjacent Fig. 23, are held together by clamps 
and screws, and are then welded, piece by piece, 
along both lines of junction at once. The dis- 
tance welded at each heat is about 1 foot. The 
girder is supported on rollers, so that it may be 
moved in the direction of its length. At right 
angles to this line of rollers a small railroad is 
laid down, just beside which latter is placed a 
peculiar anviL Two small blacksmith's fires, 
with several tuyeres, are borne on the railroad, 
one on each side of the girder, so that they may 
be pushed together under it, or apart, and away from ii 
When by their use a welding heat has been got up on both 
sides of the girder, they are pushed back, and the part 
heated is rolled upon the anvil, when it is struck and welded 
by two 40-poxmd hammers, worked from a shaft running 
crosswise underneath them. To insure a good weld the 
channels in the double-channel bars need not be more than 
I to I of an inch deep. 




§ 22. In the case of all passes described up to § 19, inclu- 
'nve, the construction coxQd be, and actually was, so carried 



ont that the pressiire was entirely equal toward eaoh side. 
The bar had thus no tendency to bend sidewise ; the diame- 
ter of the grooves was, however, so proportioned that the bar 
might be bent slightly downward against the guards. As far 
as possible, the same rule is observed in rolls for shapes ; 
and if a shape may be divided vertically by the centre line 
into two equal parts, the observance of this rule occasions 
no difficulty, and the relation holds good that ordinarily ob- 
tains between the draw and the spread of common bar iron. 
The only difierence between the cases ia that in the latter the 
draw is uniform across the width of the bar, while in the for- 
mer it must necessarily be quite different, in order to form 
the required shape. The question naturally arises, how great 
may the difference of draw be allowed to become ? 

If no draw was applied to some parts of the bar, the form 
desired wotild bs very quickly attained by the use of a few 
passes. If, for instance, the attempt was 
made to roll the channel iron in Fig. 24 ^^- ^*- 

simply by compressing the middle part, 
aoi bb,oi a flat bar, the result would be 
that the sides or flanges, cc or dd, would 
also be drawn out — not so much, indeed, 
as the middle or web, but more or less 
according to the quality of the iron, and 
would, therefore, become ragged, or, even in the case of the 
very best tton, would at least lose their proper form. There- 
tore, iu order to preserve the proper shape, it is necessary to 
draw the flanges also, to fill out the whole pass thoroughly 
with iron, and to use for the flanges a specially good iron, 
which has been reheated and reroiled, or, in other words, a 
No. 2 iron. 

The permissible diff'erences in draw depend, on the one 
hand, upon the absolute area of the section of the pass, and, 
on the other, upon the quality of iron. In the case of large 
deep passes, when the greatest reduction upon the upper, 
as well as upon the lower side of the bar, amounts to about 
1 inch, the smallest reduction may be restricted to t% or ^ of 
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an inch, as shown on Plate VUJL, in Fig. 82, in fall size 
passes for girders, which are used at Beschitza, and also in 
the passes for channel bar and girder iron, shown in Figs* 
86 and 87, on the same plate. The difference between the 
draws or pressure upon the different parts beccHnes less in 
those passes which precede the finishing passes, while in the 
latter, in which it is necessary to complete the form of the 
flanges, these are drawn out rather more than any other 
part. The poorer the quality and the greater the hardness 
of the iron, the more nearly uniform must be the reduction 
of the different parts of the section. 

In the case of channel bars, with very deep channels, or 
in the case of Y iron, the rolling can be rendered very much 

easier if the shaping passes are so propor- 
tioned that the ridges (a a) are formed ; 
in the finishing pass these ridges are 
much more easily pressed into the flanges 
or sides (bb in, A, Fig. 26) than the su- 
perfluous iron of the middle part would be. 
The iron from the ridges (a, a) can be 
pressed down into the sides (&, b) without 
materially lengthening or drawing out the 
bar, but it would require a very heavy draw to force the 
iron out of the centre (c) into the sides. The arrangement of 
passes for iron of the above form, is shown in Figs. 93 and 94 
on Plate IX., and the principle is susceptible of very 
general application in rolling shapes. 

In every shape in which the iron does not lie equally on 
each side of the vertical centre line, as, for instance, almost all 
forms of tyres, rails, angle iron, with flanges of unequal width, 
and many other forms, the draw upon the two sides must 
necessarily be unequal. So, for instance, when the first T, 
or flanged rails were rolled at Frantschach, in Carinthia, 
they were rolled in the passes shown in full size by Fig. 50, 
on Plate lY., which were closed passes, as is usual for 
shapes, and for which the bars were turned 180 degrees, or 
Half over, at each pass. The rolling itself was in this case 
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qtiite easy, and ibe desired form perfectly attained ; but the 
rolls themselves were very soon worn out, because they 
were considerably weakened by the necessary height of the 
last roughing and first shaping passes, but chiefly because 
the draw was so unequal that the collars were pressed ob- 
liquely against each other, and were abraded to such an 
extent that the rolls became useless. 

The arrangement of passes, which is now used in rolling 
rails, as well as shapes generally, consists in the use of 
one or more flatidng pas^s, as represented, for instance, in 
the rail rolls shown in Figs. 44, 45, and 46, on Plate lY. In 
these passes the whole mass of iron is somewhat compressed, 
but the principal pressure comes upon the flanges, to com- 
press and spread them out. A comparison of these passes, 
as shown in full size in Figs. 48 and 49, with the older forms 
represented in Fig. 50, show quite plainly to how great an 
extent the former obviate the unequal draw. 

These inequalities of draw may also be obviated in some 
cases by another method, which is, however, less generally 
known and used, but which is especially useful in rolling 
angle iron with flanges of unequal width. It consists in so 
proportioning the first shaping passes, as shown in Figs. 
61 and 62, on Plate Y., that the narrower flange remains the 
thickest, so that in the finishing passes it is necessary to use 
a heavier draw upon this side, or, in other words, to exert more 
pressure upon its surface than upon that of the wider side. 
Thus the total pressures become nearly equal, since the pres- 
sure upon the wider flange is less, in about the same proportion 
that its superficial area is greater than that of the narrower 
flange. By this means the unequal wear of the collars is very 
much lessened. The unequal draw or pressure might be ob- 
viated by varying the angle of the flanges in the successive 
passes, so that the final angle would be the one required ; 
but such an arrangement would entail many disadvantages, 
and is, so far as I know, nowhere in use. 

Finally a third method, which has been long in use, con- 
sists in so arranging the journals of the rolls (which should 




in this case be brasses), Qtat they reoeiTe npon themsdres 
ibe side-thmst ex- 
erted oh the toD. 
The arrangement 

I is shown in Fig. 
26, in which the roll 
.is represented by 
dotted lines, and as 
if it had been posh- 
ed forward several 
inches in the direction of ite axis, whereas it presses during 
use quite firmly against the brass, c The brasses have a 
strong flange or collar on the roll side, between which ooUar 
and the cast-iron box two slender steel wedges are driven 
down vertioally. The jonmal-box does not press against the 
two set screws («, «), as osual, but is pressed directly against 
the chock (a, a). When the steel wedges are driven down, the 
brasses are drawn out of the box and pretty firmly forced 
against the collar of the rolL It is therefore possible, by 
this arrangement, to relieve the collar from the side-thrust 
occasioned by nneqnal draw, and transfer the thmst to the 
brasses. The latter must not, of oonise, be wedged too firmly 
against the roll, as the strength of the neck would therel^ 
be too mnch taxed, and the friction greatly increased. 

When it is not possible to avoid an unequal draw, the bar 
has a tendency, at its exit from the pass, to bend toward the 
side where the draw has been least. But the bar must be 
straight in order that the rolling may be continued ; it is there- 
fore necessary to fasten upon the bearing bar proper, blocks, 
called grtides, at the exit end of the pass, so that the bar may 
be strid^tened as it passes out between them. Sometimes 
guards must be used upon the top roll to prevent the hex from 
bending upward. 

If a very heavy draw must be applied in the finishing pass, 
the bar is considerably widened or spread, as in the case of 
an intermittent pass for spike iron, the product of which is 
«hown in Fig. 27. When the part a is greatly reduced to 
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form the head of the spike, it is very much widened, and if 
the pass does not freely per- 
mit this spread, the forma- 
tion of fins, as shown in sec- 
tion at b, is nnavoidable, and 
the bar is spoUed. In order 
to prevent this the pass be- 
fore the last must not only be 
of somewhat less width than 
the latter, but it must roll 
the iron in wedge form, as shown in section by c, with bevel- 
led edges upon the side which is periodically compressed by 
the finishing pass. Seen from above, the spike rod has the 
form shown by B. The formation of fins is aided by the cold 
state in which the bar is rolled through the last pass, as cold 
iron spreads more than hot iron under the same draw. Fur- 
ther, cold bars wear out intermittent passes very quickly, and 
therefore, for this double reason, the iron must be rolled 
through them as hot as possible. 

Passes for shapes are, as a rule, closed passes, and as this 
variety guides the bar pretty well by itself {vid. § 3, 2), other 
accurate guides fitted to the special form are the less neces- 
sary, since the increase of width in successive passes is ia- 
€M)nsiderable. But this circumstance, although it renders 
the guidance of the bar more certain, also makes it neces- 
sary that the latter should be correctly introduced into the 
pass, in order that the edges of the /ormer, which closes the 
pass, may not begin to cut as they take hold. Hence it is 
necessary to place suitable guides upon the bearing bar in 
front of the rolls, in order that the bar may be introduced 
straight and fairly into the pass. 

One circumstance yet remains to be noticed, viz., that for 
all complicated passes for shapes it is very important to 
keep the guards sharp and ia proper position, and to cool off 
the passes with a great deal of water, especially in the case 
of those in which the bar is likely to stick, and to be imme- 
diately wrapped round the roll. 
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§ 23. It is evident from the foregoing (under reference to 
§ 7), that the composition, size, and form of the pile or other 
material, affects the shape and draw of the required passes ; 
these elements are also essential in determining the requisite 
diameter of the rolls. The size of the rolls is, indeed, a ques- 
tion of almost as much importance as the form of their 
passes ; if the former are small, they frequently break and 
suffer great wear, while if they are, on the other hand, large, 
they are more expensive, heavier to handle, and increase the 
lift to get the bar over or through (a three high mill) to the 
front. It will be well to consider the characteristics of each 
kind. 

Small rolls do not require very heavy housings or fittings, 
are quite easily handled, contain a comparatively small weight 
of metal, and the bar need not be lifted very high to get it 
over them. They must, however, be pretty long to contain 
the necessary passes, while some of them are cut very deeply 
into the bodies; they are, therefore, comparatively weak. 
They require a pretty high speed of the engine, if the latter 
is direct-acting, or if it is not, occasion great wear and tear of 
gearing ; while the grooves, owing to their small circumference, 
wear more for the same length of bar than would the grooves 
of a large roll, and consequently sooner require redressing. 
They resemble in their action a ^hanmier with narrow dies 
and draw out quickly, with little spread; but the draw 
operates more quickly than it would between large roUs, on 
account of the relative shortness of the wedge-shaped space 
which the bar must traverse to reach the normal section of 
the pass. Since the bars are, therefore, as it were, less pre- 
pared for the normal draw of each pass, all the strains be- 
come more sudden than would be the case in larger rolls. 
A small roll limits the draw, since the latter, if too great, 
would break the roll, and this limitation of draw increases 
the number of passes, other circumstances being similar and 
equal ; if, however, the draw remains the same, the rolls must 
be shorter. For instance, a case of this kind occurs to me 
in which the rolls of a three high null broke down under the 
'ork for which they were designed; the housings could 
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neither be made stronger and larger to receive heavier rolls, 
nor could they be thrown aside ; consequently the only alter- 
native was to shorten the existing rolls and add one whole 
set to receive the passes lost by shortening the rest. An- 
other feature of small rolls is that those passes in which the 
draw is at all heavy, require deep notching to insure their 
hold ; but if these notches are pretty deep and are not very 
carefully considered in the formation of subsequent passes, 
they are apt to leave unsightly marks or laps on the finished 
product. 

Large rolls are, of course, more expensive than small ones, 
require heavier housings and fittings, and give rise to great- 
er friction. They have, however, great and manifest advan- 
tages over small ones. They are comparatively strong, since 
with the same length their strength increases as the square 
of the depth or diameter ; 21-inch rolls being thus over J 
stronger than 18-inch, while the increase of diameter is only 
I ; the rods will therefore stand a heavier draw and still re- 
tain proportionately greater strength. The " nip" of large 
rolls is far better than that of small ones, on account of the 
greater surface working on the bar, and consequently greater 
friction ; the notches may therefore be made less deep, there- 
by preserving the surface of the finished bar. In order to 
get the best effect or work from large rolls, the draw should 
be slightly heavier than in the small ones, which they would 
replace, the speed at the circumference of the respective rolls 
being the same. The large rolls will then do their work as 
quickly as small ones, while the iron is not strained so much 
as in the latter, by reason of the more gradual wedge-shaped 
approach to the normal section of the pass. In order that 
the circumference of a 21-inch roU might have the same speed 
as that of an 18-inch, the engine, if direct-acting, might run 
about i slower, that is, about 66 revolutions instead of 66, and 
this decreased speed would increase the endurance of all parts 
of the rolls, by lessening all shocks and rendering them less 
sudden. For these reasons, as well as much greater certainty 
against unprofitable stoppage of work through the breaking 
down of rolls, the modern practice has been to use very heavy 
rolls, and this practice is already very general 
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tbe under part of the bar (the fature head of the rail) is 
reduced scarcely at all, while the partially formed flange 
is quite forcibly spread out. The less the under part of the 
bar is reduced, the more easily and thoroughly is the flange 
spread out; but in this case the iron must be very tough, or 
the flange is apt to crack The last passes of the finishing 
rolls have the peculiarity of being "half open" passes 
(vide § 3) ; the sides of the head are thereby much more per- 
fectly rounded and finished than would be the case in an 
open pass. 

Pigs. 57 and 58, on Plate V., represent the passes of the 
rail train of the mill at Oratz, which belongs to the " Sud- 
bahn," or Southern Bailroad. In these rolls 12 passes are 
used, 6 of which are on one pair and 6 on the other pair of 
rolls. By reference to the roll drawings in Pigs. 39 and 40, 
on Plate HE., it is rendered easy to draw the rolls which 
belong to these passes, and which were omitted to save room 
(see also §13). The flange of these rails is considerably 
wider than that of the former section ; hence two flatting 
passes are used, viz., pass 6 in the first and pass 3 in the 
second pair ; thus the flange is spread out more gradually to 
the necessary width. Pass 3 of the finishing rolls shows at 
a a construction the principle of which is similar to that of the 
similar pass of the Westphalian rolls previously mentioned, 
but in this case differently carried out, with the special pur- 
pose of so shaping one edge of the flange at a that it wiU be 
rolled down again in pass 4 by the former, thereby prevent- 
ing the formation of a fin at a\ which purpose is also per- 
fectly accomplished in rolling. 

An example of a rail train with many passes is given on 
Plate r^., in the Figures 44, 45, 46, the corresponding passes 
being represented in full size in Figs. 47, 48, and 49. 
This train is in use at Pravali, in Carinthia, for rolling Besse- 
mer steel, and it rolled the first rails of that kind successfully 
made in that part of Austria. Between the three pairs of 
rolls belonging to the train 15 passes are evenly divided and 
d successively ; but the actual number of times the 
ised through the rolls is about 20, in two heats. 
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The reason for such a large number of passes is not at all 
the difficult section of rail, but lies altogether in the physical 
characteristics of Bessemer steel, as being comparatively hard 
and resistant. 

The somewhat pyramidal ingots of Bessemer steel are of 
square section, 7 to 8 inches on a side, with rounded comers. 
They are principally cast of steel, containing 0.3 and 0.5 per 
cent, of carbon, as that containing over 0.5 per cent, would 
not only not be so easily rolled, but would scarcely be tough 
enough to stand the required deflection tests, because they 
would be comparatively hard and stiffl The rough ingots 
are heated to a fuU yellow heat, and are then roUed three 
times through the first pass, twice through the second, and 
twice through the third — therefore seven times through the 
first three passes ; finally, the bar goes twice through the 
first shaping pass, and is then immediately returned to the 
famace for the wash-heat, after having in the heat gone 
nine times through the rolls. The rolls are opened about 
half an inch for the first passage of the ingot, and are grad- 
ually closed again ; the ingot is turned quarter over (90°) at 
each passage through the first three passes, but half over 
(180°) each time in the fourth. The second heat is higher, 
nearly approaching a white heat, and in this heat the ingot 
goes once through each of the remaining 11 passes, and is 
thus passed 20 times through the rolls. Out of the 11 passes 
used in the second heat, the second, fifth and eighth are flat- 
ting passes. 

It is interesting to know that these rails were 21 feet 
(21.77 Eng.) long, and weighed 368 (45433 Eng.) Viennese 
pounds. The ingots weighed 415 to 430 (513.35 to 530.87 
Eng.) pounds in the rough. The loss in heating and rolling 
amounted to 4.9 per cent. Seven heats of four (4) ingots each 
were made in one furnace during the turn of 12 hours. The 
percentage of imperfect rails varied between 5 and 10 per cent. 

In Figs. 39 and 44, which represent the roughing rolls 
of two rail trains, and Figs. 41 and 47, which represent 
the respective passes in full size, it will be noticed that the 
openings between the body-fiUets are some way above the 
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pitch line. This is 80 arranged designedly, in order that fins 
may not be easily formed in the passes used in both cases. 
This method insures that any fins formed are well rolled in, as 
well as prevents their formation. That is, the bar is turned 
half over at each pass, and a fresh surface comes'before the 
opening of the pass ; the residting fin is thoroughly rolled in at 
the bottom of the next pass, and in the third pass a straight 
surface (on which no fin has yet been formed) comes before 
the opening ; that part of the bar on which the fin was formed 
in the first pass coming a good way below the parting of the 
third. The flaring sides of the body collars furnish additional 
protection against fins (vide end of § 30), while the surface of 
the bar is kept smooth and sound, because no part where a 
fin has once been comes again into a position where another 
is likely to be formed. 

Fig. 37, on Plate m., represents a pair of rolls used in a 
Silesian mill for roUing mine rails ; the corresponding passes 
are shown in full size in Fig. 38. In this pair there are 6 
passes intended for successive use ; the seventh is a spare or 
dupHcate finishing pass. This pair contains only finishing 
passes : the roughing rolls are omitted, because they cor- 
respond exactly ^th tte Gothic roughing rolls for b«-iron 
(vide^ 11 atid Figs. 5 and 6 on Plate L), as is evident from 
the form of the first finishing pass. In these rolls for such 
a small section a flatting pass is also used, both to preserve 
the rolls from undue side-thrust, and to make the flange com- 
paratively tough and soft, as discussed above in detaiL 

§ 25. It is necessary to work up old rails, imperfect rails 
or wasters, and crop ends, in the formation of the rail pile ; 
it will therefore be useful to consider the best means of roll- 
ing them into the proper shape. 

It was formerly, and is now to some extent, customary to 
cut the rails to the length of the pile, and to use one or two 
such cut pieces in the formation of the latter. These pieces, 
on account of their irregular form, did not fit weU into an 
ordinary pile of puddle and rerolled bars (tops and bottoms) ; 
thereforei in order to avoid interstices between the bars and 




railB, it was neoeBsaiy to roll filling pieces of special form 
adapted to fit the rail more or less closely. The use of rail 
ends or pieoea is now almost en- 
tirely restricted to the pile for 
tops and bottoms, and it haslieen 
found more advantageons to roll 
the pieces down siu^y into a flat 
bar. For this pmpose old rails 
and wasters are commonly cat 
cold into lengths of 6 or 6 feet, reheated and rolled into flat 
bars twice or thrice as long as the rail pile. These bars may 
be made in form and size similar to pnddle bars, and may be 
conveniently used in any desired proportion in any part of 
the pile. 

The crop ends are usually rolled down immediately after 
cutting. They vary, of course, considerably in lenglji, but 
may be nsed in the pile together with the ends cut off the 
puddle bars. 

Fig. 53, on Plate V., shows a psdr of rolls adapted to rolling 
crop ends, eta, into flat bars ; they are in use at the Horst 
mill near Steele, and produce bars of 3 to 4 inches in width. 
The corresponding passes are shown in foil size by Figs. 54, 
56, and 56. The two first passes reduce the height of the 
rail about J of an inch (drawing it out of course), but are 
principally useful in bending the flanges back upon the web, 
as shown by the dotted lines in the first pass. Between the 
second and third passes the rail must be turned one-quarter 
over, and half over for the fourth as well as for the fifth. 
The fifth pass turns out a flat bar, 4 inches wide by 1 inch 
thick. If the bar is desired 3 inches wide, it must be turned 
quarter over (or upon its edge) for the flatting pass No. 6, in 
which its width is reduced from 4 to 2|$ inches ; it is Uien 
tamed again one-quarter over, and rolled through No. 7 into 
a bar 3 inches wide by 1 inch thick. 

Those rails — which are composed of different materials in 
the flange, web, and head — are seldom rolled out into a bar 
of this kind, but are nsuaUy cut by means of shtting.rolls into 
three parts — viz., head, web, and flange — which may then be 
used again in accordance with their respective qualities. 
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By the use of rolls so constructed as to gradually press 
the metal in the flange and head into the web, flat bars may 
be rolled from old rails and crop ends, without bending the 
flange at all over upon the web. This method makes a 
smoother bar, while it obviates the weld of the flange upon 
the web, and hence materially reduces the whole number of 
welds in the pile. 

§ 26. A pair of tyre rolls used in a Silesian mill are shown 
in Pig. 68, on Plate VL ; they contain 6 passes, which are 
given in full size in Fig. 69. Figs. 70 and 71 also represent 
tyre rolls in use at the same mill, containing 6 passes on two 
pair of rolls ; Figs. 72 and 73 exhibit these latter passes in 
full size. In one aspect it is certainly simpler and cheaper 
that one pair of rolls should contain the 6 shaping and finish- 
ing passes, and such is generally the case. It often hap- 
pens, however, that small differences in form and size of 
tyres are frequently demanded, and it is then much better 
that the four shaping passes should be turned on one pair 
of rolls, which can then remain in their housings, while the 
small pair, with the two finishing passes, may be easily and 
quickly changed. In order that these small alterations of 
section may be readily accomplished, the last pass but one 
is made a flatting pass, and turned, of course, upon the 
short rolls ; while the flatting pass in Fig. 68 is the third to 
be used. 

By means of the flatting pass the unequal side-thrust of 
the rolls is somewhat diminished, as mentioned in § 22, and 
also especially discussed with reference to rail rolls. The 
chief object of their use is, however, the more perfect for- 
mation of, and a thorough work upon the flange of the tyre. 

The above rolls require in use a pair of roughing rolls, 
with the necessary passes. These are omitted here, but 
their form and draw may be readily derived from the next 
following pair of tyre rolls. 

Fig. 74, on Plate VI., represents, in full size, the welding, 

drawing, shaping, and finishing passes used in a Styrian mill 

rolling tyres. Ten passes are used, as the figure shows. 
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Of these, the first five,which are box passes, are on the rough- 
ing rolls ; while the last five, on the other hand, are turned 
as closed passes upon the finishing rolls. Of the five rough- 
ing passes, the first three are to he considered as welding, 
and the last two as drawing passes. The bar must be turned 
one-quarter over before entering the 2nd, 3rd, and 5th passes 
respectively, but half over before entering the 4th. The 
third of the five finishing passes is a flatting pass. 

A noteworthy difference exists between the Styrian and 
Silesian passes, viz., that the former tyres are finished con- 
cave on the inner side, while the latter are left straight. 
The object of making the inner side concave is that it may 
become straight after the tyre is bent into form ; for if it 
were left straight it would be found to be rendered quite con- 
vex, which convexity, or bulge, must afterward be turned off> 
thereby increasing the cost of labor, and causing a greater 
waste of metaL Something similar occurs with reference to 
the other dimensions of the tyre : the inner side not only 
bulges out, but also becomes wider on accoimt of the bend- 
ing, while the outer side, or tread, becomes narrower. 
Therefore, in order that the other two sides of the tyre may 
remain parallel, it is necessary to roll the bar in such a 
manner that the inner side shall be finished narrower than 
the tread ; while in the rolls shown in Figs. 68, 71, • and 74, 
exactly the reverse is the case, as the inner side must be 
finished wider than the tread. In order to insure that the 
inner side be narrower than the tread, it would merely be 
necessary to turn the finishing pass half over, thus bringing 
the tread uppermost, by which means it — ^viz., the whole tread 
side or outside of the tyre — ^might be readily made wider as 
desired, being flatted out somewhat by the former of the 
upper roll. This method is applied in some mills, but in 
the majority this self-evident advantage is neglected, in 
order to finish the flange somewhat more accurately in the 
lower roll. 

Tyres for disc wheels must be rolled with a rib or fillet on 
the inner side, to which the disc, which takes the place of 
spokes, may be fastened. Fig. 43, on Plate III., represents, 
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in fall size, the shaping and finishing passes used in a 
Silesian mill for producing such tyres. 

These examples of rolls for tyres are adduced rather to 
show an interesting and useful series of pass constructions 
than as anything at present to be recommended. Iron tyres 
are now seldom used, and steel tyres are almost universally 
weldless, and rolled in a peculiar form of mill, some of the 
rolls of which will be described in § 32. 

§ 27. There are two circumstances to be considered in 
draughting passes for angle iron, viz., the equal or unequal 
length of the sides, and the absolute area of the section. 
When the sides are of equal width, angle iron is much more 
easily and cheaply rolled than when they are not, as in the 
latter case the rolls soon become worn out by the irregular 
side-thrust. The latter difficulty is materially dimini^ed 
when the shorter side is kept thicker than the longer, as 
described in § 22. 

If the sides of the angle iron are equal and plain, and if 
their edges are not required to be very smooth, a single pair 
of rolls may be used to produce iron varying both in width 
of the sides and in the thickness of the metal. The parses 
of such rolls must be constructed for the greatest desired 
width of side, as when a section with narrower sides is to be 
rolled, it is sufficient to give it the required size in the last 
pass, since it is not necessary that the iron in the sides 
should entirely fill out the grooves of the shaping passes. 
This method resembles that employed when flat bars are 
rolled between plain rolls, viz., rolls similar to plate-rolls. In 
the latter case, however, the width of the bar varies some- 
what, and the comers are not sharply rectangular. The only 
difference between the two cases cited above is to be ob- 
served in the fact, that in rolling angle iron great care is 
required to introduce the centre of the angle exactly in the 
centre of the pass ; for if the bar should deviate at all to the 
right or left, the width of the sides would vary considerably. 
In order to insure the proper introduction of the bar without 
accurate guides, it is only necessary to turn the passes 
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upside down, as. it were, as shown in Fig. 65, on Plate V. ; 
that is to say, that the former is placed on the bottom instead 
of the top roll. In this way it is rendered easy to introduce 
the angle exactly, by allowing it to rest on the former, and 
be carried by the same into the pass. If the groove of the 
pass was turned on the lower roll, the diameter would be so 
much decreased that it would be difficult to adopt the above 
method, as the bearing-plate in front of the roll would cut off 
a good deal of the circumference of the latter. Further 
comments on the use of such inverted passes will be found 
on page 69, in connection with the description of Fig. 60, on 
Plate y. In order to make the flanges thicker it is, of 
course, only necessary to separate the rolls as required. 

It is important to consider the absolute sectional area of 
the finished angle iron, for when the same is small, the bar is 
generally worked out from a nearly square section, whereas, 
on the other hand, the larger sections are commonly worked 
out gradually from a flat bar into the required rectangular 
form. The first method is the simplest, but requires a 
greater proportional reduction of the original area than the 
second method, and is, therefore, not so economical or con- 
venient for 'rolling large sections. Fig. 51, on Plate IV., re- 
presents the shaping of the angular section from the flat 
form, while Fig. 52 shows the section as drawn out of the 
square bar or pile. The dotted lines, a, 6, c, rf, in each fig- 
ure represent the original section of the pile or bar, while 
the finished angle iron is designated by the hatched section. 
In each case five passes are required to finish the bar. 
These two sets of full size passes, representing both of the 
above methods, have been many years in use at Frantschach, 
in Carinthia. 

When the angle iron is rolled up from the flat form, the 
length of each side may increase, while the distance between 
the edges remains the same, or even decreases, because the 
sides are gradually bent in. On this account it is not 
so necessary, as in the case of other forms, that one pass 
should be wider than the preceding ; individual passes may 
indeed be narrower than those preceding them, as shown by 
the passes for angle iron with unequal sides, which are given 
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in Figs. 61 and 62. In order to understand bow it is pos- 
sible to introduce tbe bar into a pass narrower than the one 
it has just left, it is only necessary to consider that the point 
of the angle projects most, and is first seized by the rolls, 
and the new angle is formed before the greater width of the 
sides can become troublesome, or before the edges begin to 
be cut. 

For the sake of simplicity and ease in turning the rolls, 
the deep grooves are, as a rule, all placed in the bottom roll, 
although this position has the disadvantage that the bar 
cannot, as is usually the case, be turned half over, in order 
to prevent the formation of fins. In order to obviate this 
disadvantage, more or less, the two last passes are often so 
constructed {vide Fig. 61, Plate V.), that, though really closed 
passes, they are yet open at the edge of the side. Some- 
times, to accomplish the same object, the passes are so 
arranged that the bar maybe turned once or twice half over ; 
this is the case at the Donawitz mill, near Leoben ; while 
Fig. 59, on Plate V., represents similar rolls in use at a Sile- 
sian mill. 

The first formers should be roughened with a chisel, as 
shown in Fig. 60, in order that they may take a firmer hold 
of the bar. 

Fig. 61, on Plate V., represents in -rg full size a pair of 
finishing rolls for heavy angle iron with unequal sides. Fig. 
62 gives the corresponding passes in full size. The rolls 
are in use at Zeltweg in Styria. The great difference be- 
tween the diameters of the roll in the various grooves is 
worthy of remark; these differences are, in this instance, 
caused by the large size of the section rolled. As a rule, 
however, all rolls for angle iron present great differences of 
this kind. Further, Fig. 63 shows passes for mediimi heavy 
angle iron with equal sides ; they are shown in their position 
on the rolls and in -^ full size. After an examination of 
Fig. 61 it is easy to construct rolls for these passes, espe- 
cially as the pitch line is marked on the drawings. 

With reference to the roughing rolls belonging to these 
rolls, it is necessary to consult § 13 and Fig. IP, on 
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Plate n. ; for an inspection of Figs. 62 and 64, on Plate V., 
shows at once that large sections must be rolled from corre- 
spondingly large and heavy flat bars. 

Fig. 60, on Plate V., represents a pair of finishing rolls for 
angle iron with sides of equal width, each side being 3| 
inches wide; they are in use at Piela in Upper Silesia. 
There are two especially striking points to be remarked in 
these rolls ; the first being, that all passes have the same 
width, viz., 4§ inches ; the second, that the iron is indeed 
rolled out of the flat bar ; but the shaping is efiected in one 
pass, and with nearly the full finished angle. This is a method 
which the moderate size of the angle iron renders practi- 
cable, but which would be, even for small sections, seldom 
advisable or applicable. It is, therefore, unnecessary to 
represent the individual passes in full size. Fig. 65 repre- 
sents a set of passes for medium and small angle iron with 
equal sides, and which is shaped from a square or diamond 
through the half diamond bar. These passes are used at 
Neuberg in Styria, and are represented merely according to 
their position on the rolls and in -^ full size, while Figs. 66 
and 67 show the individual passes in full size. The inverted 
position of these passes, and the- reasons for choosing the 
same, have already been the subject of remark. A notable 
point is the unusual height of the pitch line, as shown in 
Fig. 65 ; this somewhat excessive height was, on accoimt of 
the inversion of the passes, considered necessary to prevent 
the bar from curling upwards. The rolls may be useful in 
case of necessity, but are scarcely adapted to production on 
a manufacturing scale. 

The passes used at Seraing, in Belgium, for a peculiar 
variety of angle iron, are represented in Fig. 83, on Plate 
Vni., and the individual passes in fuU size, in Fig. 84. It 
is very doubtful whether these passes are properly construct- 
ed, and it seems improbable that the fifth pass can be cor- 
rectly proportioned. The drawings were received directly 
from the works. 

All varieties of angle iron necessitate very good material, 
on account of the difficulty of their manufacture and the 
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nature of their subsequent uses ; hence, the iron generally 
used is that which has akeadj been once or twice reheated 
and reroUed. The piles for reroUing for this purpose, are 
quite frequently built up of good scrap-iron. 

§ 28. The passes used for T iron resemble those used for 
T rails. The latter are, however, in general more difficult to 
roll than the former, at least in the forms in which the former 
are applied in architectural and engineering purposes, and the 
difficulty of rolling the T rails becomes comparatively greater 
when different irons are used for the head and flange of the 
T rails. Therefore fewer passes are usually required for 
rolling T iron than for T rails. 

T iron is required in much larger sizes than are the rails ; 
which fact not only renders it difficult to proportion the 
passes properly, but also makes the rolling very laborious. 
The large size of the passes necessitates heavy rolls, espe- 
cially bottom rolls, the diameter of which must often be 30 
inches or more ; as such heavy rolls are very expensive, it is 
advisable to reduce the side-thrust as much as possible by 
the use of flatting passes. 

Figs. 76 and 76, on Plate VII., represent respectively the 
roughing and finishing for heavy T iron, as produced at 
Piela, in Upper Silesia, while the passes are appended in full 
size in Figs. 77 and 78. Their similarity to the passes for T 
rails is very striking, while the presence of 3 or even 4 flat- 
ting passes out of 10 passes in all, is equally worthy of 
remark. The position of the first pass is that of a flatting 
pass, and if this is considered as such (although this is sel- 
dom the case with the first pass), we actually find 4 flatting 
passes in use. 

Figs. 79, 80, and 81, on Plate VUI., represent merely the 
passes for a medium T iron ; these are constructed according 
to Talbot's drawings, are in full size, and the pitch line is 
shown. The drawings represent the two first passes in the 
position of flatting passes, as was the case with the above 
but the 6th pass is the only strictly flatting pass in the 
•^ere are 8 passes in all. 

T or girder-iron (I beams), the top and bottom 
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flanges of which are similar in size and shape, is much easier 
to roll than simple T iron, because the metal of the former is 
equally divided on each side of the vertical centre line, and 
hence the respective side-thrusts are equaL As no flatting 
pass is necessary in roUing girder-iron, and as the beam is 
merely turned half over (180®) at each pass, the requisite 
passes are quite easily turned. It is, however, difficult to 
roll beams so large as they are sometimes demanded ; the 
rolls miist therefore be very heavy, and a reversing train 
should be used. 

Fig. 82, on Plate Ym., represents in full size the passes 
for an I beam 10 inches high, as they were drawn immedi- 
ately from the turning tools ; these rolls are in use at Ees- 
chitza. The remarks in § 21 upon the construction of piles 
for I beams, as illustrated in Fig. 20, B, have special refer- 
ence to these rolls, the first pass of which is a shaping pass. 

It is unnecessary to adduce special examples of rolls for 
girder-iron, etc., of smaller sections than the above, as the 
corresponding passes are not only much simpler than those 
required by the larger sections, but are also very similar to 
those to be immediately described, which are required for 
channel-iron and heavy I beams. 

§ 29. Passes for rolling channel-iron and very heavy I 
beams, are quite similar to the flat presses described in §§ 12 
and 13 and drawn in Figs. 16 and 17, on Plate II., and so far 
as the roughing rolls are concerned, the respective series of 
passes are exactly similar. Therefore Fig. 85, on Plate YIII., 
^represents merely that part of the finishing rolls which con- 
tains the final passes for an 8-inch channel bar, while the 
passes themselves are given in full size in Fig. 86. The latter 
figure contains the section of the bar as it comes out from the 
last roughing pass ; this, as well as the four finishing passes, 
is arranged in the proper position with reference to the pitch- 
line. The draw and spread in the respective passes are 
shown distinctly in tie drawing. 

The section of heavy I beams is so simple, and the rolls 
employed in their manufacture so similar to those used for 
channel-iron, that it seems quite sufficient to draw, in Fig. 
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Thn Eiirojioan form of the chairs for T rails with a fish 
Joint iM Honiowhat similar to that of channel-iron. These 
chairH (vide g 21) are rolled in long bars, which are afterwards 
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sawed up to the requisite lengths. The ordinary section of 
the chairs is that of A in Fig. 29, although 
it is a frequent practice on Continental ^^^' ^^' 

roads to use plates of the section B on ^ ^.>.........>...:^........>.>.J ^^ 

heavy curves where it may seem neces- 
sary to regulate the angle of the rail to mmmzmmm^^m 



the tie. These forms are rather harder 
to roll than the ordinary channel iron, and therefore the 
requisite passes are shown in Fig. 91, on Plate IX., in their 
proper position in the rolls, while Fig. 92 represents them 
in full size. 

The difficulty in rolling such forms increases with the 
height of the sides or lips, and it is therefore necessary to 
leave ridges on the back of the bar (mde § 22), or on the side 
opposite to that on which the lips are to be rolled. In order 
to make this method perfectly clear, Fig. 93, on Plate IX., 
represents the finishing and one roughing pass for the 
manufacture of channel bar with a deep channel ; these 
passes are shown in their proper position on the finishing 
rolls, and are appended in full size in Fig. 94. The drawings 
show that even the first shaping pass is turned with reference 
to the formation of the ridges, which latter appear more and 
more distinctly at each subsequent pass up to the last, during 
its passage through which they are forcibly pressed down 
into the sides of the channel bar. It is apparent that the 
bar, as it leaves the last roughing pass, must be turned quar- 
ter over (90^) before it enters the first shaping pass. 

§ 30. Felly iron is an iron of half round form on one side, 
and of wedge shape on the other, and demands attention on 
account of its somewhat typical shape, although it is almost 
exclusively used in the production of wrought-iron wheels. 
It forms a support to the outer felly or felly proper over 
which the tyre is shrunk, and is welded between the spokes of 
the wheel, both to the outer felly and to the spokes. If the 
wedge-shaped side is not too sharply pointed, it is easy to 
develop the shape without the aid of a flatting pass, and 
quite simply in the ordinary way, in which the bar is turned 
half crtrer at each pass. A series of such passes is repre- 
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sented in Fig. 95, on Plate IX., and Fig. 96 shows the indi- 
vidual passes in full size with reference to their draw and 
irrespective of their position in the rolls, which is distinctly 
given in Fig. 95. 
If, on the contrary, the wedcre-shaped side is very sharp 

Fig. 97, which represents in i^ fall size, a set of rolls of a 
Silesian mill ; the respective passes are given in foU size in 
Fig. 98. In this case the jQatting pass is placed in the mid- 
dle, and is only to be recognized by its position with refer- 
ence to the rest, as it could not be recognized as such if con- 
sidered singly. 

It is easy to construct rolls for fish plates, as the form of 
the latter is usually quite simple. Fig. 99, on Plate X., rep- 
resents a pair of rolls for a very simple variety, while the full- 
size passes are appended in Fig. 100. The shape of the 
former of the second pass is rendered somewhat unusual by 
the necessity of preventing fins from forming at the sharp 
comers shown in the third pass, in which latter, however, the 
draw and consequent tendency to form fins is very much less 
than in the former pass. The sharp comers of a former are 
avoided in the finishing pass, by giving this latter the fonn 
of an open pass, but placing this open pass in the position 
of a closed one and letting the former work between two col- 
lars, as in the case of a closed pass. This union of the open 
with the closed pass has been already noticed several times, 
and is often exceedingly useful. The immediate outlines of 
such a pass are those of an open one {i, e., there is a groove 
in the former , so that in reality the former acts the part of 
the top roll of any set with open passes), but considered in 
its general relations and position, the pass must be denomi- 
nated a closed one. 

§ 31. As an example of a very useful class of passes, it will 
be well to consider those which are used in rolling rods of 
peculiar form, intended to be cut up into spikes. In this 
country we use the spike machine almost exclusively, but it is 

" ^ probable that we might find passes of a form similar to 
nr useful for rolling a variety of other shapes which 
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reqtdre periodical projections. The form of the subjoined 
passes for spike rod is such that the notches correspond to 
the heads of the single spikes. In order to fill out the notch 
properly with the metal which is forced up into it, a very 
heavy draw is required, and if the pass is narrow, fins are 
very likely to be formed. In § 22, however, a method of 
avoiding the latter was described, which is in «se at Mayr's 
mill near Leoben. 

At Beschitza the rods are finished in another way. Fig. 
101, on Plate X., gives in ^ full size a front elevation and a 
section of the rolls used in this mill. The circumference of 
the rolls is equal to four times the length of a single spike, 
and at every revolution the corresponding four notches form 
the head of a single spike. The rod leaves the roughing 
rolls with a rectangular section, ^ an inch thick by ^^ of an 
inch wide, which dimensions remain unchanged in the head 
of the spike. 

In the finishing rolls five similar passes, a, a, and a very 
wide pass, ft, are used. Only one of the former (a) is used at 
a time, but five are on the rolls, because the comers of the 
holes of the dies for the spike head are soon worn out of 
shape even though the pass is an open one. On account of 
the open form of the pass, the fins formed will be in the mid- 
dle of the side, and are made very blunt by rounding off the 
comers a good deal. The drawing represents three passes 
with a width of ^ an inch, which is also the thickness of the 
rod as it reaches them ; they might be wider in order to 
facilitate the introduction of the rod, but the extremely 
rounded form of the collars renders such extra width imne- 
cessary. In order to remove the fins from the shaped rod, 
it is rolled through the wide flat pass, b, the height of which 
is equal to the thickness of the spike rod, i. 6., ^ an inch. 

Fig. 102 represents in ^ a single spike as cut off of the 
rolled rod, while B represents the form into which it is 
brought by hand, and in which it is sold. The spikes might 
be more readily and very quickly finished by a machine con- 
stmcted for the purpose. 

In order to show how the same form may be attained by 
very different means, a third method is subjoined, which was 
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in use at Fridau's mill, near Leoben. Fig. 103, on Plate X., 
gives the front size of the rods in \ full size, and it will be 
observed that the section is dotted in order to save space. 
The rolls contain 3 first and 3 second shaping passes which 
are turned as closed passes, and the differences between 
them are very small, as they are not intended to be used 
successively upon the same rod ; so many passes are neces- 
sary to ascertain those which shall be used, according to the 
heat and quality of the metal in the rod, in order to obtain 
the best results. Only one, or at most two, of each 
set of shaping passes is used, while the height of the passes 
is often slightly changed by raising or lowering the upper 
roll. 

The rolls contain only one intermittent pass, if it may be 
called pass ; this one, however, is 15 inches long, and forms 
the end of the body of the roll. Only a small part of the 
whole width is used at a time, viz., so much as the rod takes 
up ; the latter is kept in position by an accurate guide fitted 
to and projecting between the rolls (similar to that drawn in 
Fig. 34, on Plate TTT., and described in § 13). As one part 
becomes worn, the guide may be moved further along the 
rod, thus rendering the pass serviceable for a much longer 
time. This pecuUar form has the additional advantage that 
the notches may be quickly and easily formed in a planing 
machine, whereas the notches in a narrow pass must be 
finished with great difficulty by hand. 

After the head has been pressed up in this intermittent 
pass, or intermittent portion of the roll, it is turned quarter 
round, t. e., upon its side, and passed through a pair of small 
polishing-rolls, in which any fins are rolled down, and the 
with of the bar between the heads is reduced by the amount 
to which it spread in the intermittent pass. 

Fig. 104 represents in A the rough spike as cut from the 

rod, and in B the spike as finished by hand. A very simple 

method of avoiding fins, though one which is little known 

and seldom used, is shown in the shaping passes of these 

/Tf iQg^^ rjj^Q sides of the collars are flared out in- 

faraighty and the bar is turned half over 
bringing the narrow bottom of the bar 
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into the wide top of the next pass, which top is -so much 
wider than the bar that scarcely any draw will force the 
metal out into fins. This method is very efficacious, and de- 
serves universal application in rolling flat and square bar or 
hoop iron, as it leaves the comers perfectly free from fins. 

§ 32. The method pursued in turning passes for a variety 
of small shapes is illustrated by Figs. 105, 106 and 107, on 
Plate X., which represent four different series of passes for 
sash iron, constructed according to drawings from Seraing. 
The passes are drawn in full size and in their proper posi- 
tion on the rolls, but the rolls themselves are not represented 
further than is necessary to render their completion easy. 
The radii (half diameter) of the rolls are, therefore, given in 
figures on the end collars. 

In order to avoid the formation of fins, all the sharp 
comers and edges are rounded off, and the passes are so 
placed that the bar must be turned each time half over 
(180°). They are also so proportioned as to allow for a 
small spread, so that the bar may enter the pass easily. It 
would also be well to flare the side of the passes somewhat, 
as in Fig. 103, particularly if the stock rolled was red short, 
or of low quality. 

As the roughing rolls for these shapes contain only Gothic 
and flat passes, it is merely necessary to refer to previous 
examples of similar rolls. 

In rolling such small shapes, it is very necessary to use 
guides which are closely fitted to the rolls and to the pass, 
in order to prevent the destruction of or cutting off the 
comers of the bar as the grooves take hold. The diameter 
of the top roll in the grooves is throughout comparatively 
great, as the drawings show, in order that the bar may have 
a strong downward tendency, while accurate guards are used 
and water is plentifully applied. These precautions are ne- 
cessary to prevent the bar from curling round the roll. 

§ 33. Hitherto our attention has been confined to the more 
usual varieties of passes, but the definition of the term pass, 
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given in § 2, would require that many other and quite differ- 
ent arrangements for rolling iron should be discussed. To 
treat the subject folly, however, would be almost impossible 
in a work of this character, especiallj as the number of draw- 
ings would be largely increased. It will, therefore, be suffi- 
cient to describe the principal varieties of machines for 
roUing or sUtting iron, which cannot be strictly classed as 
rolls with passes. 

The Slitting Mill is a very important and verj' generally 
used machine for slitting or dividing, at a single pass, jQat 
bars or sheet-iron into a number of rods, as nail rods or sheet 
for welded boiler tubes. Generally 10 or more of the smaller 
rods are slit off at a time, with the length and thickness of 
the original bar or sheet, but with a width which is regulated 
by the distance between the cutting discs. These discs 
operate exactly as circular shears, but many of them are 
united, as it were, in one piece, the middle discs cutting on 
both edges. The discs are forged singly, either wholly of 
cast-steel or of iron, to which steel is welded, to form the 
edge. Between two of these discs is placed another of the 
same or any desired thickness, but less diameter, and the 
whole are fixed concentrically upon an iron spindle, which is 
provided with the necessary neck and pods. These discs 
and short cylinders may be fastened by being driven up by 
screws, or a short, heavy cotter or wedge against a fixed col- 
lar at the other end of the spindle. When, however, the 
width of the desired slit sheet is considerable, it is customary 
to tise cast-iron rolls, upon which collars are cast of the ne- 
cessary diameter, and at such distances that when faced on 
the circumference with rings of steel, they will allow the steel 
rings on the collars of the top and bottom rolls to work close 
up to each other, thus making the slit. The coUars are ordi^ 
narily faced with semicircular rings, fitted on to a turned 
face on the collar, and fastened with counter-sunk bolts. 
These mills must be very accurately constructed, and require 
a good deal of attention in use, but do their work very 
quickly. They are generally placed at the finishing end 

' ^^e train, that the sheet or bar may be slit immediately 
K^ the polishing rolls or the last pass. 
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The so-called " collar rolls" are used to widen out any 
individual part of a flat bar which is intended to be bored 
for a bolt. These bars are generally those used for forming 
the links of solid chain suspension bridges, and often require 
to be widened at each end as well as in the middle. In 
order to be able to roll at will such wider parts, the collar 
rolls are generally constructed of a wrought-iron spindle, 
upon which, at the required intervals, wrought-iron collars 
are shrunk. These collars may be readily moved by being 
heated by a thick iron ring, laid around them in segments at 
a white heat ; the consequent expansion loosens their hold on 
the spindle, and they may be moved as desired. The spindle 
may, of course, be made of cast-iron, and where a demand 
for special forms exists, the necessary collars may be cast 
solid with the spindle. In the practice of Howard, Eaven- 
hill & Co., of Eotherhithe, the spindles are wrought-iron, 7 to 
8 feet long, and turned to a diameter of 6 to 7 inches. They 
are, of course, furnished with necks and pods, which are in- 
cluded in the above length. The wrought-iron collars are 
shrunk on the cylindrical body of the spindle, and are not 
rectangular, but have a rounded or convex surface, in order 
that there may be no abrupt depression in the bar. In roll- 
ing, the bar is passed three or four times through the rolls, 
while at each passage the top roll is lowered. The collar roll 
housings are placed at the end of the train in which the bars 
are rolled, in order that the latter may be finished at a single 
heat. If arranged to reverse, they are placed at right angles 
to the end of the train, and driven from the respective rolls 
by an arrangement of cone pinions, constructed to throw in 
and out of gear at will, and thus reverse as desired. 

The term "end rolls," or "overhang rolls," may be applied 
to those rolls which are merely spindles between the necks, 
and whose body is merely a short continuation of the spindle 
beyond one neck, while the other end of the spindle is con- 
nected with the engine by means of gearing. The short 
body or head of the roll contains only one pass, that is, the 
former is turned upon the upper head and the groove into the 
lower one, or the groove on the stationary and the former 
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npon tlie moyable, when (he spindles are arranged as in an 
ordinary tyre milL 

The reason why such an arrangement is necessary is be- 
cause these end rolls are required for rolling tyres, etc., the 
form of which objects is a closed ring, which must be placed 
in position and removed quite easily ; one side of the pass 
must, therefore, be left entirely open, or at least be easily 
opened by moving back the movable spindle. The draw of 
these passes or rolls is given by continually moving the rolls 
together, or the movable against the stationary head, while 
the tyre, or other object, is being rolled. As a very con- 
siderable force is required to move the rolls together, the 
movement cannot be accomplished by hand, and it is neces- 
sary to employ an arrangement with friction pulleys, by 
which the roUs may themselves work the shifting screw or 
screws, or a small steam-engine, or better, a hydraulic press, 
to raise the journals of the bottom roll, or press the movable 
one up. 

As the tyre is rolled out its diameter becomes greater, and 
the cross-sectional area of the metal becomes proportionately 
smaller, as well as the difference between the external and 
internal diameters. The speed of the rolls must, however, 
vary between themselves and become more nearly equal as 
the difference between the diameters grows less, in order to 
avoid an irregular draw and even cutting away of the metal; 
hence the end roUs are often provided with from 2 to 4 
passes, the relations of the diameters of the grooves of which 
are different. The diameters of the grooves are so arranged 
that they may at first draw the outside or tread the most, and 
that each succeeding pass may draw the same more nearly 
equally with the inner surface. Another arrangement con- 
sists in using two separate pairs of end rolls driven by the 
same motor, and with similar relations of draw. The latter 
method has the advantage of finishing and centring the iyre 
at the same time. 

The axes of the spindles may be either horizontal or verti- 
cal. The horizontal spindles are in use at Blaenavon and 
Botherham, in England, and Seraing, in Belgium, as well as 
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in several French mills, and at Stefanau, in Moravia. In the 
vertical arrangement, one roll is fixed in position and merely 
rotated, while the other, in addition to its rotary movement, 
is also moved toward the former ; the latter roll is generally 
the inside one, t. e., that which forms the inner surface of the 
tyre. This arrangement, with two passes on the rolls, is in 
use at Monkbridge, in England, while a similar machine at 
Bochum has three or four passes on its rolls. In changing 
from one pass to another, the rolls must of course be opened 
wide and the tyre Ufted into position. 

The "Universal Mill" has been alreg,dy mentioned (§ 12) as 
the best means of saving a great variety of simple fiat passes 
and consequent stock of rolls. It has been described in 
many technical journals, but especially well by the inventor 
himself in ^^ Dingier* 8 Polytechnisches Journal,^' vol. 164, pp. 401- 
403, The inventor of this arrangement of rolls is Daelen, of 
the Horde mill (vide § 12). Mr. Wagner, of Maria Zell, has 
made some useful improvements upon the original, and built 
quite a large miU of this kind. The mill itself consists of two 
horizontal rolls which can be closed and opened, and imme- 
diately in front of them two vertical rolls to act upon the 
edges of the bar. The various improvements consist chiefiy 
in the mode of applying and regulating the gearing which 
moves the respective rolls. 

This miU is not well adapted for rolling very thin iron, 
because such bars or rods become quite cold in the last few 
passes, and are thus proportionately more spread (§ 7) side- 
wise ; which spread the vertical rolls cannot reduce by any 
means so easily as they could at first, when the heat was 
high and the spread inconsiderable. If the bar were thin 
and the spread considerable, it would be almost impossible 
to prevent it from being bent (in the direction of its width) 
between the vertical rolls. 

The rolls used for tubes with thin walls and large diame- 
ter, have the peciiUarity that the pass is divided upon four 
rolls, which are of segmental form, and the surfaces of which 
form 90^ of a circle, corresponding to that of the outside of 
the tube, while a mandrel carried on a long stem forms the 
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inner circular surface. If the draw were heavy and the walla 
of the tube thin, it would be impossible for two ordinary 
geared rolls (the passes of which have a varying surface 
speed) to bring the tube over the mandrel ; this is, however, 
easily accomplished by the four rolls geared so together that 
their surface speed is quite equal Each of the four seg- 
mental rolls contains, as above, one quarter of the required 
circle, two being placed horizontally and two vertically. 



§ 34 The manner in which rolls are turned up in the lathe 
may be succinctly described as follows : 

The requisite form must, of course, be laid out on paper in 
detail and in full size. Templates are then formed in sheet 
iron, or brass, exactly according to the drawing, and the ne- 
cessary tools are also, for the most part, shaped to corre- 
spond with the various parts of the drawing. New tools, 
however, are only needed for those parts which are not 
usual, such as the bottoms of grooves and faces of formers ; 
for rounding oflF the comers of the body-fillet, etc., 
and for forming many other parts, no special tools are 
necessary, as the forms of such parts are those which often 
occur in all rolls. 
The templates may be prepared either for each pass singly, 

or one general tem- 
plate may be cut 
out for the whole 
body of the roll, 
t. c, all grooves, 
formers, collars, 
or body fillets 
which may occur 
thereon. In Fig. 



Fio. 30. 





LTV^WULI 



30, A and B re- 
present templates 
for single passes, 
while C includes the whole body of the roll. Templates are 
used to give the exact form of a pass, as well as its proper 
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position on the rolls ; therefore, a template of the form B is 
obviously insrdSELcient, and is accordingly used merely for 
convenience, so as to avoid frequent handling of such a large 
plate as C. The form of template shown in A is used to 
determine the exact position of any given groove, the part a 
being pressed against the outside of the end-fillet, and the 
parts c c lying on the body-fillets or collars, as the case may 
be ; as this form necessitates a number of unwieldy templates, 
the form C should be used in preference. One template 
suffices for both roUs, if the passes used are open and equally 
divided at the pitch line, since the small differences of the 
diameters of the respective grooves in each roU are without 
influence on their form. It is, on the contrary, necessary to 
employ two templates, or to utilize both sides of the same 
one, as in D, Fig. 30, if the passes are of the closed form, 
as these are scarcely ever divided equally at the pitch line. 

The roll, as it comes from the sand, is placed between the 
centres of a lathe, and the sinking head or riser cut off; it 
must then be accurately centred and the necks turned up 
roughly, to ascertain whether or not any fault or flaw exists, 
which would be sufficient to condemn the roll ; if there is 
none, the necks are finished. It is most convenient to rough 
out and finish the necks on a lathe with feed, and then to 
transfer the roll into the regular steady rest to rough out and 
finish the passes. In order to turn up the passes, it is ne- 
cessary to support the roll on its necks, and so firmly that it 
will not be sensibly jarred by the tool, which presses with 
considerable force against it. The necks are, therefore, sup- 
ported in " steady rests," constructed somewhat similarly to 
the housings in the train, that the roll may be supported 
against thrust in any direction. 

The steady rest shown in Fig. 108, on Plate VIT., is well 
adapted for turning small roUs, on account of the firmness 
with which the roll can be held in position ; the form is anti- 
quated, however, and it is introduced as an illustrative type 
of its class rather than as an example for practice. The base 
a rests on the bed of the lathe, and is fixed in position by 
the cross-piece c, which is drawn firmly up against the under 
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side of the bed by means of the screw b. The top is left 
open, and is closed when necessary by the bar e2, which is 
held down, and in place, by the screws e e. The inner sides 
of the uprights are quite smooth, and the edges rectangular, 
and the side chocks are constructed to overlap them some- 
what on the inner side. The top and bottom chocks h h are 
let into the bars i i, which are here represented as wood, but 
which it is better to make hollow and of iron. If the roll is 
small, it is well to leave it still between the lathe centres, 
although supported in the steady rest, in order that the roll 
may be immovable endwise ; if large, however, it is driven 
either by a sleeve, or by a casting resembling half a sleeve, 
which is bolted on the face plate, while any movement end- 
wise is prevented by the portion of the end-fillets against the 
chocks. The screws kk a,t the sides, m at the top, and the 
slender wedge I at the bottom, set up the chocks to their 
exact position. 

One of the simplest and mo^t practical forms of " steady 
rest " or " housing " for all kinds of rolls is that shown in 
Fig. 31. Here there is an U-formed standard, from the bottom 
of which a strong flange projects on each side ; the lower 
face (h) of this flange is planed smooth and rests on the bed 
of the lathe, being usually held in position with bolts, so 
arranged in various ways as to be easily shifted. At the 
junction of the sides of the standards there is a groove, in 
which the piece a moves up and down, being held in position 
by the bolt c and block of wood e, and being moved by the 
set screw d. This piece (a) supports the neck of the roll. At 
the top of each of the sides of the standards there is an 
overhanging lug, the inside of which projects downwards 
lower than the outside. Through this lug the bolt g projects 
and works in a slot in the piece 6, which it can firmly hold 
in any required position, when the piece b has been moved 
into that position by means of the set screw/. All the sur- 
faces of b and the lug which come in contact with each 
other are, of couse, carefully finished. These pieces b pro- 
ject downwards against the neck of the roll, thereby prevent- 
ing it from springing upwards, though not opposing its rotaiy 

Hon. The pieces b are called "jaws," and in order 
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that thej may be in the same vertical plane as the rest a, 
the upper part of the latter projects so as to come under 
them. If the axis of the roll, on being placed on the steady 
rest, does not coincide with a line drawn between the cen- 
tres of the lathe, the rest a may be raised till the roll is in 
the proper position. 




Tools of hard-chilled iron are sometimes useful for the 
first rough cuts, to remove the hard stdn ; but these are sel- 
dom uBed, and it is better to make all of good cast-steel. 
For small work, both ends of the tool are arranged to cut as 
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shown in Fig. 32, A ; for heavy work, however, such a form 
is not advisable, as the tool must in one form of rest be 
blocked firmly into, and placed and forced against, the roll 
by a powerful screw, acting on the flat end of the tool, and 
in another form of rest be shaped like an ordinary lathe tool. 
It is advisable to weld a plate of cast-steel (as the cutting 
edge) upon an iron tool, as the exclusive use of steel, ex- 
cept in the case of smaller tools, would be quite expensive. 
Pjq 32. It is sometimes advisable that 

the cutting piece should be 
merely inserted in the tool, and 
not welded upon it. For ex- 
ample, as the passes for light 
round iron must be turned ex- 
actly circular (§ 16 and § 18), 
it is best to prepare in the 
■g .... ' lathe a cylinder of steel of the 

exact diameter of the required 
circle; then cut the same up 
into small cylinders ; plane the ends and harden the pieces. 
These hardened cylinders are let in for about half their 
length into the end of the tool which has been formed for 
their reception, as shown in B, Fig. 32. Those oval passes, 
which partially consist of two similar arcs, may also be best 
turned in this way, by merely cutting in to the necessary 
depth. The cylinder may be turned round as its edge be- 
comes worn, and the edges of the other end may be subse- 
quently used. When the edges of both ends are worn out, 
they merely require grinding to restore them to the proper 
shape. 

The large roughing passes are usually cast in the roll quite 
near the finished size and form, and it might probably be 
well to leave the largest grooves untouched, as they do not 
require any very great accuracy, would soon be worn smooth, 
and the hard skin would greatly improve their wear. 

If passes of large size must be turned wholly out of the 
body of the roll, it is well to use at first a simple tool, which 
may be easily made and repaired, and to finish with the 
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special tools^ which are prepared with considerable diffi- 
culty. 

In taming closed passes, the formers of which mnst fit 
with as little play as possible into their respective grooves, 
it is well to use a template for the whole body of the roll. 
"When the rolls are finished it is well to place one over the 
other, the latter remaining in the steady rest, just as it was 
turned. To facilitate this, the sides of the rests may be 
made high enough to take in the roll, and carry it as in an 
ordinary housing, or any special carrying arrangement may 
be placed over the steady rest. This comparison of the rolls 
facilitates the discovery of any mistakes in turning, and gives 
an opportunity to remedy faults, or improve the form, as the 
case may be. We have already seen that the sides of the 
grooves of closed passes are not exactly perpendicular, but 
flare outwards to the extent of :^ to ^ of an inch or more, 
that all sharp comers and angles of the groove and former 
must be avoided as far as possible, and that it frequently 
happens that it is necessary to alter a set of rolls according 
to the results of their first trial in the train, as these are 
sometimes unsatisfactory. 



*v.. 



89 



TECHNICAL TERMS 



USED IN 



ROLL-TURNING, 



IN 



ENGLISH, GERMAN, AND FRENCH. 



ENGLISH. 



Apron, vid. Bearing bar. 
Bearing bar. 



Body-fillet 
Box or Sleeve. 

Box groove. 

Brasses, vicL Jonmal-box. 
Breaking box. 
Breaking shaft, vid. Spin- 
dle. 
Chilled rolls. 

Chock. 



Clutch. 

Collar." 

Coupling crab, vid. clutch. 

Diamond pass. 

Draw or Draught 

Edge pass. 

End-fillets. 

Feed plate, rnd. Bearing 

bar. 
KUet 

Finishing pass. 
Finishing rolls. 

Fin. 

Flat pass. 
Flatting pass. 



GEBMAN. 



Walzenbank. 



Walzenring. 

Euppelungs Muffe, or 
simply Muflfe. 

Flach Kaliber (one va- 
riety of). 

Brechkapsel, Brechbock. 



HartwalzeiL 
Lager, Zapfenlager. 



Eeilmuff, Euppelungs- 

scheiben. 
Walzenring-ring, Rippe. 

Quadrat kaliber. 
AbnahmsverhJiltniss. 
Stauch kaliber. 
Endring. 



Walzenring. 

Vollend kaliber. 
VoUend walzen, or 
Schlicht walzen. 
Bart 

Flach kaliber. 
Breitungs kaliber. 



FBENCH. 



Tablier, or before (he rolls, 
Plague des guides. 

Tablier, or behind the roUs, 
Plague des gardes* 

Cordon. 

Manchon d' accouple- 
ment. 

Cannelure rectangulaire. 



Cylinders coul^s en co- 

quilles. 
Above all necks, Chapeau 

de cage. 
Between or below the 

necks, Tourillets. 
£chappement, manchon 

k griffes. 
Collet 

Cannelure carries. 
Tirage (Pression). 

Cordon. 



Cordon. (Cordon des 

cylinders femelles. ) 
Cannelure finisseuse. 

Cylinders finisseures. 
Ger9ure. 
Cannelure plate. 
Cannelure de champ. 
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KOLL-TUKNlwG— OoOTiNTTTm. 


ENGLISH. 


OBESIAN. 


FBEMCH. 


Former. 


Patrize, Kaliberring. 


Bondelle, or Gordon des 
cylinders mMes. 


Gothic pass. 


Spitzbogenkaliber. 


Cannelure ogive. 


Groove. 


Einschnitt, Matrize. 


Cannelure. 


Groove and Former. 


Matrize and Patrize. 


Cannelure and Bondelle, 
or Cannelure des cylin- 
ders femelles, Cordon 
des cylinders m^les. 

Gards, Bacloirs. 


Guards. 


AbstreifmeiseL 


Guides. 


Einlttsse. 


Guides or Gides. 


Guide rolls. 


Feineisenwalzen. 


Gid rolls. 


Housing (train). 


Walzen gerUststander,or 
simply Stttnder. 


Cage. 


Housing (lathe), vid. 






Steady rest 






Journal-box. 


Einset^.lager. 


Coussinet, 


Merchant rolls. 


Grobeisenwalzen, or 
Feineisenwalzen, or 
Fa9oneisenwa1 zen. 


Cylinders marchands. 


Mill bars. 


Rohscheinen. 


Fer 6bauch6. 


Neck. 


Lagerzapfen or Jjauf- 
zapfen. 


Tourillon. 

• 


Oval pass. 


Ovalkaliber. 


Cannelure elliptiqne, or 
Cannelure plateuse. 






Pass. 


Kaliber. 


Cannelure. 


Pitch line. 


Mittellinie. 




Plate rolls. 


Blechwalzen. 


Cylinders k tdle. 


Pod. 


Kuppelungszapfen. 


Bout or Trifle. 


Puddle rolls. 


Luppen wal zen. 


Cylinder ^baucheurs. 


Beduction, vid. Draw. 






Boaghing pass. 


Vorkaliber, or Streck- 
kaliber. 


Cannelure d^groisisseuse 


Boughing rolls. 


Vorwalzen, or Streok- 
walzen. 


Cylinders d^groisisseurs. 


Shoe (train). 


Sohlplatte. 


Lit. 


Sleeve, vid. Box. 






Spindle. 


Zwischenwelle. 


Allonge. 


Standard, vid. Housings. 






Step rolls. 


Stufenwalzen, Staffel- 
walzen« 




Steady rest (lathe). 


Lunette. 


Poup^e a lunette. 


Table, vid. Bearing bar. 






Train. 


Walzenlinie. 


Jeu. 


Tyre rolls. 


Tyreswalzen. 


Cylinders k bandages de 
chemin de fer. 
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SHOWING IN ENGLISH INCHES THE EQUIVALENTS OF AUSTRIAN 

INCHES AND PARTS OF INCHES. 



AUBTHIAN. 


EnGTiTHH. 


Austrian. 


English. 


AUSTBIAN. 


English. 


1' — r 0.445'' 


4' — 


4' 1.782" 


7' — 7' 3.118" 


2' — 2' 0.891'' 


5' — 


5' 2.227" 


8' — 8' 3.564" 


3' — 3' 1.336" 


6' — 


6' 2.673" 

• 


9' — 9' 4.010" 


AusTRTAN Inches 


English Inches 


Austrian Inches 


English Inches 


IN TW£IiFTHS. 


IN decimates. 


IN TWELFTHS. 


IN DECIMALS. 


tV" 


. 0864275" 


2" A' 


2.419" 


A" 


.172" 


A" 


. 506" 


A" 


.259" 


A" 


.592" 


A" 


.345" 


7 " 

A 


. 679" 


A" 


.432" 


8 II 


. 765" 


ft /I 


.518" 


A" 


.852" 


A" 


. 604" 


\%" 


.938" 


A" 


.691" 


H" 


3.024" 


A" 


. 777" 


3" 


. Ill" 


-r 


.864" 


A" 


. 197" 


H" 


.950" 


A" 


.284" 


1" 


1.037" 


A" 


. 370" 


A" 


. 123" 


A" 


.457" 


A" 


. 209" 




.543" 


A" 


. 296" 




.629" 


A" 


. 382" 


7 " 


. 716" 


A" 


.469" 


A" 


.802" 


A" 


. 555" 


A" 


.889" 


A" 


. 642" 


«" 


.975" 


A" 


. 728" 


W 


4.062" 


A" 


.814" 


4" 


.148" 


■r 


.901" 


A" 


.234" 


W 


. 987" 


A" 


. 321" 


2" 


2.074" 


A" 


.407" 


1 " 


. 160" 


A" 


.494" 


A" 


.247" 


A" 


. 580" 


■A 


n 
r 




.333" 


A 


n 




. 667" 



TABLE OF AUSTRIAN AND ENGLISH INCHES -a»i(tnu«d 



Adwriam. Esoush. 


AvmtuN. 


Emolibh. 


AtrsTBUH. ENQUsa. 


1' = 1' 0.445" 


4' = 


4' 1.782" 


7' = 7' 3.118" 


2' = 2' 0.891" 


5' = 


6' 2.227" 


8' = 8' 3.564" 


8' = 8' 1.336" 


C == 


6' 2.673" 


9' = 9' 4.010" 


AfBTBUN iHCHKa 


Enoluh Inches 


AuffTRUN Inches English Inches 


JSIWHJTHB. 


TOSSClHiU. 


DrTWHjnu. 




4" tV" 


4,763" 


7" A 


7.778" 


A" 


,839 


A 


.864 


A" 


.926 


A 


.951 


H 


6.012" ' 


A 


8.037" 


H 


.079 


H 


.124 


6" 


.185 


\i 


.210 


A 


.272 


8" 


.297 


A 


.358 


A 


.383 


A 


.444 


A 


.469 


A 


.531 


A 


.556 


A 


.617 


A 


.642 


A 


.704 


A 


.729 


A 


.790 


A 


.816 


A 


.877 


■ A 


.902 


A 


.903 


A 


.988 


■1 


6.049" 


A 


9.074" 


-i 


.136 


M 


.161 


G" 


.222 


H 


.247 


A 


.309 


9" 


.834 


A 


.395 


A 


.420 


A 


.482 


A 


.607 


A 


.508 


A 


.593 


A 


.054 


A 


.679 


A 


.741 


A 


.766 


A 


.827 


A 


.862 


A 


.914 


A 


.939 


A 


7.000" 


A 


10.025" 


H 


.087 


A 


.112 


» 


.173 


H 


.198 


r 


.259 


« 


.284 


A 


.346 


10" 


.371 


A 


.432 


A 


.457 


A 


.519 


A 


.544 


A 


.605 


A 


.630 


A 




692 


A 




.717 
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TABLE OF AUSTBIAN AND ENGLISH INCHES— OmiiRuedL 



Austrian. 


English. 


Austrian. 


English. 


Austrian. 


1 it 

Engijrh. 


V — r 0.445" 


4' — 


4' 1.782" 


r — r 3.118" 


2' — 2' 0.891" 


5' — 


5' 2.227" 


8' = 8' 3.564" 


3' — 3' 1.336" 


6' = 


6' 2.673" 


9' — 9' 4.010" 


AusTBiAN Inches 


English Inches 


Austrian Inches 


English Inches 


IN TWKTiFTHS. 


IN DECIMATia 


IN TWELFTHS. 


IN DECIMALS. 


10" A 


10.803" 


11"^ 


11 . 667" 


A 


.889 


tV 


.754 


iV 


.976 


A 


.840 


A 


11.062" 


A 


.926 


A 


.149 


A 


12.013" 


« 


.235 


A 


.099 


« 


.322 


A 


.186 


11" 


.408 


« 


.272 


tV 


.494 


ii 


.359 


A 


.581 


12'^ 


12 . 44556" 


English Inch 


English Inch 


English Inch 


English Inch 


IN decimals. 


IN THIRTY-SECONDS. 


IN DECIMALS. 


IN THIRTY-SECONDS. 


.031 


A 


.531 


u 


.062 


iV 


.562 


A 


.093 


■h 


.593 


i* 


.126 


i 


.625 


.156 


A 


.656 


U 


.187 


A 


.687 


a 


.218 


A 


.718 


u 


.250 


i 


.750 


i 


.281 


A 


.781 


M 


.312 


A 


.812 


« 


.343 


U 


.843 


u 


.375 


i 


.876 


i 


.406 


U 


.906 


u 


.437 


A 


.937 


H 


.468 


U 


.968 


u 


.500 


i 
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PAGS 

Neck 1 

■ method of taming up 88 

Nip of pass 84 

^-»— of large rolls 57 

Octagon passes. 10, 46 

Open passes 4, 18 

Oval passes 10, 40 

Overhang rolls 79 

Pass, defined. 2 

Pile, formation of for I beams 48 

for chairs with lips.. «.. 49 

PitchUne 17 

Plate rolls 2 

Play between rolls. 5 

Pods 1 

Polishing rolls 2 

Puddle rolls 25, 80,81,83 

Bail ends, treatment of for pile 62 

roll for flatting down 63 

Bolljdefined 1 

body of. 1 

small compared with l^rge .... 56 

— — — method of casting 86 

laying out firom given passes. . 81 

Boughing passes 12 

Bound passes 10, 44 

Shapes 10,47 

rolls for small 77 

Shaping passes. 11 

Shrinkage 28 

Side pressure 15 

Side thrust, occasioned by unequal 

draw 53 



PAOS 

Side thrust obviated by flatting 

passes 58,64 

Slitting mill 78 

Speed of Urge and small rolls 57 

Spike rod 9, 56, 74 

rolls for 75-77 

Spiral passes 8 

Step rolls 2, 12, 85 

Steady rests SS-S5 

Strength of rolls affected by passes. . . 26 
— affected by their own length . . 56 

Templates for passes 82 

T iron, rolls for 70 

T rail, passes 53 

rolls for iron 58-60, 62 

rolls for Bessemer steeL 60, 61 

Three high train 27, 88 

vid. also Transbtor's Pre&ce. 

Tools of chilled iron 85 

with movable ends 86 

Train, defined 13 

TyremiD 80 

■ horizontal 80 

vertical 81 

Tyre rolls, Silesian 64 

— — - Styrian 65 

for disc wheels. 65 

Tubes, rolls for 81 

Universal mill 80, 81 

Wash heat 61 

Welding passes. 10 

Width of passes. 14, 80 

Wire rod 86, 43 

Work on iron in passes 48 
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Weisbach's Mechanics. 

New and Revised Edition, 

V 8vo. Cloth. $10.00. 

A MANUAL OF THE MECHANICS OF ENGINEERING, 
and of the Construction of Machines. By Julius Weisbacu, Pn. 
D. Translated from the fourth augmented and improved Ger- 
man edition, by Eckley B. Coxe, A.M., Mining Engineer. VoL 
I. — Theoretical Mechanics. 1,100 pages, and 902 wo#d-cut 
illustrations. 

Abstract op Contents. — Introduction to the Calculus — The General 
Principles of Mechanics — Phoronomics, or the Purely Mathematical Tlieory 
of Motion — ^Mechanics, or the General Physical Theory of Motion - Statics of 
Higid Bodies — The Application of Statics to Elasticity and Strength — Dynam- 
ics of Kigid Bodies — Statics of Fluids - Dynamics of Fluids — The Theory 
of Oscillation, etc. 

" Tho present edition is an entirely new work, greatly extended and very 
much improved. It forms a text-book which must find its way into the hands, 
not only of every student, but of every engineer who desires to refresh his mem- 
ory or acquire clear ideas on doubtful points.*' — Manufacturer and Builder. 

" We hope the day is not far distant when a thorough course of study and 
education as such shall bo demanded of the practising engineer, and with this 
view we are glad to welcome this translation to our tong^uo and shores of ono 
of the most able of the educators of Europe.** — The Technologist. 



^ 



Francis' Lowell Hydraulics. 

Third Etiition. 

4ti., (noUi. *I5.00. 
WWEI.L HYDRAULIC i::XPEItIMENTS — being a Scl.'c- 
tion irom EsporiiuBUta on Hydraulic Mobira, on the Flow of 
Water over AVoirs, and ia Opun Canals of Uniform Roctaugular 
Section, made at Lowoll, Maw. By J. B. Fiuscia, Civil Engineor- 
Thiid edition, revised and enlarged, including many New Es- 
pcrimenta on Gauging Water in Open Canals, and on the Flow 
through Submerged Orifices and Diverging Tubes. With 23 
oopperplates, beautifully engraved, and about 100 new pages of 
text. 

Tlio work is dividod into parta. Paiit T., on hyilraulio motors, inclndcH 
njnoty-two oiperiments on an improved Foumeyron Turbine Water-Wheel, 
of about two hundred liorae-jjower, irith rules and tables for tlio conatruotioa 
ijf similar motors; tMrtcon experimEnta on a model of D centre-vent water- 
wheel of the most simple derfgn, and thirty-niae oiperimenta on a centre-vent 
water-whoel of about two hundred and thirty horse-power. 

Part H. inclndes screuty-four experiments mode fur the^iurpose of deter- 
mining the form of the fonnnU for computing the flow of water over weirs; 
nine espcriinenta on the effect of bank-water on the flow over weira; oighty- 
eight eiperimentB made for the purpose of dotennrning the forniala for uom- 
puting the flow over weiiB of regular or standard forms, with Bevcral tablce 
of comparisons of the new formula with the results obtained by former oxperi- 
meutera; fivo oxparimenta on the flow over a dam in which the creat was of tlic 
sumo form ns that built by the Esbdi Company across the Uerrimoek River at 
Lawrence, MaasaclinHcttH ; twenty-one oiperimenta on tho effect of observing 
the depths of water on a weir at diflcrent distances from tho weir ; an eitca- 
eivo Hcriea of experiments znido for tho pnrpose of determining rules for 
gauging streams of water in open oanols, with tables for facilitating tho same ; 
and one hundred and one oiperim.ents on tho disohargo of water through aub- 
raorgod orifices and ilivei^ng tubes, the wkole being fuUy Olustratcd by 
twcnly-threo double plates engraved on copper. 

In 1855 the proprietors of the Locks and Canals on Merrimack Hiver eon- 
naated to tho publication of the first edition of thia work, which contitined a. 
aaloctioa of tho moat important hydraulio eiperiracats made at Lowell up to 
that time. In tlii« edition tho principal hydraulic experimenta made thin', 
nubscquent to 1855, have bo>Ti added, inoiuding tho important series above 
mentioned, for determining rules for tho gauging the flow of water in open. 
(Uiiala, and tho interesting aeries on the flow through a submerged Venturi'n 
tabs, in which a larger flow wn» obtair.cd than any wo find recorded. 



I). VAN JSrOSTRAND. 8 



Francis on Oast-Iron Pillars. 

8vo. Cloth. $2.00. 

ON THE STRENGTH OF CAST-IRON PILLARS, with Tables 
for the use of Engineers, Architects, and Builders. By Jamks B. 
Francis, Civil Engineer. 



Merrill's Iron Truss Bridges. 

Second Edition. 

4to. Cloth. $5.00. 

TRON TRUSS BRIDGES FOR RAILROADS. The Method of 
Calculating Strains in Trusses, with a careful comparison of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel William E. Merrill, U.S.A., 
Major Corps of Engineers. Nino lithographed plates of illustra- 
tions. 

" Tho work before us is an attempt to give a basis for sound roform in this 
feature of railroad engineering, by throwing * additional light upon the 
method of calculating the maxima strains that can come upon any part of a 
'bridge truss, and upon tho manner of proportioning each part, so that it shall 
be as strong relatively to its own strains as any other part, and so that the 
entire bridge may be strong enough to sustain several times as great strains 
as the greatest that can come upon it in actual use.* " — Scientific American, 

** The author has presented his views in a clear and intelligent manner, and 
the ingenuity displayed in coloring the figures so as to present certain facts 
to the eye forms no inappreciable part of tho merits of the work. Tho reduc- 
tion of the * formulae for obtaining the strcngfth, volume, and weight of a cast- 
iron pillar under a strain of compression,' will be very acceptable to those who 
have occasion hereafter to make investigations involving these conditions. As 
a whole, the work has been well done." — Railroad Gazette, Chicago. 



Humberts Strains in Girders. 

18mo. Cloth. $2.50. 

A HANDY BOOK FOE THE CALCULATION OF STEAINS 

IN GIRDERS and Similar Structures, and their Strength, con- 

' sisting of Formulae and Corresponding Diagrams, with numerous 

details for practical application. By William Humber. Fully 

illustrated. 
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Slireve on Bridges and Hoofs. 

8vo. 87 wouil-cut mustratimia. Cloth. tS.OO. 
A TREATISE ON THE STRENGTH OF BRIDGES AND 
HOOPS — comprising the determinattoa of Algebraic formulas 
for Strains in Horizontal, Incliueil or Baftor, Triangular, Bow- 
string, Lenticular and other Triiaaoa, froni fi\ed and moving 
loads, with practical appUcations and esaiaplea, for the use of 
Studonta and Engineers. By Samitbl H, Shrbte, A.M., Civil 
Engineer. 

■On the whole, Mr. Blireve lins produced n, book which is the BunpleBt, 
clc&rest, Bud &t the eame timo, the most eyateinatic nnd trith. the beat math- 
emntictti reasouiu^ ot anj work upon thi' same subject lu the language." — 
Raitivad Qazttle. 



BtatciDL'nt, tliB atudeut will have but himself to blame i( he does ni 
thorough master of the Buhjoct." — Loniion Mining Journal. 

" Mr. Shrove hns produced a. work that must nlways lake high rank na a 
test-book, • » * and no Bridge Engineer shouid be without it, as a 
valuable work of reference, and one that will frequently assist him out of 
difficulties." — Franklin Institute Journal. 



The Kansas City Bridge - 

4to, Cloth. $0.00 
WITH AN ACCOUNT OF THE REGIMEN OF THE MIS- 
SOUEI RIVER, and a description of the Methods used for 
Founding in that River. By 0. CH.KfcrK, Chief Engineer, and 
Geoegb Mobisos, Assistant Engineer. lUuatratod with five 
lithographic views and twelve plates of plans. 

IllustrathiiJi. 
Views.— View of the Kansas City I tiaa Works, Pier No. 3. IV. Foundi 

-:.1«« A..._..4.0 Iflftn r :_I. u ttr — 1._ nj^_ nr^ a tt -j?... ■■ 



, 18G9. Lowerinjf 
Oaisaon No. 1 into position. Caiaaon 
for Ker No. 4 brought into position. 
View of Foundation Worka, Pier No. 
4. Pier No. I. 

Plates. — I. Map ahowing location 
of Bridge. II. Water Eecord— Croaa 
3eotion of River — Profilo of Orosaing 



tion Works, Pier No. 4. V. Fonnda— 
tioQ Works, Pier No. 4 VI. Caii 
No. G— Sheet Piling at Pier No. 
Detuls of Dredges — Pile Shoe — Beton- 
Boi. VIL Masonry — Draw Proteo- 
tion— False Works between Piera S 
and 4. VIIL Floating Dorricks, 
IX. General Elevation- 17(1 foct span- 
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Clarke's Quinoy Bridge. 

4tci. Cloth. 17.50. 

DESCHIPTION OF TKE IRON EAILWAT Bridge across the 
Mississippi Eiver at Quincy, lUiaoia. By Thojus OirRna Curkk, 
Chief Engineer. Illustrated with twenty-one lithographed 

Illu^trationi. 



Pl..\TES. — General Plan ol Mihsia- 
Bippi River at Quini?}'. showing; loca- 
tion of Bridge. Ua. Genarsl Seotioos 
of Hiaaimippi River &t Qoinry. show- 
ing louatiini of Bridge- IIA. Qenersl 
Sections ot Mississippi River si Quin- 
oy, showing location of Bridge. III. 
General Sections of Uismasippi River 
&t ^lincf. showing location of Bridge. 
IV. Plans of Masonry. V, Dia^m 
of Spans. sUowing the DimonsionB, 
Arrangement of Panels, ecc. VI. Two 
hundred and fifty foot span, and do- 
fettU. Vll. Three hundred imd sixty 
feet Pivot Draw. VUI. DotaiU of 
three hundred and sixty feet Draw. 
IX. lop-Hreakcrs. Fonndntioia of Piers 
and Abutments. Watfr Table, and 



Curve of Deflections. X. Foondii- 
tioDB of Pier 2, in I*rorea» of Con- 
Htrnction. XI. Foundations of I'ier 
3, and its Protection. SH. Founda- 
tions of Pier 3, in Process of Construo- 
tion. and Steam Dred^. XIII. Foun- 
dations of Piers & to 18, in Process 
of Construction. XIV. False Worka, 
showing Frocew of Handliup; and Set- 
ting St-me. XV. False Works for 
Riiaiajr Iron Work of Superstmctor*, 
XVI. Sleani Dredire used in Fonnda- 
Uuns to IS. XVIL Siiinrlo Bucket 
Dred^ u.'ed in Foun^utioQ^ of Bay 
Piers. XVni. Saws lued for Cut- 
ting Piles under water. XIX. Rtiod 
Pump and ComTctc Bo.t. XX Ma- 
sonry Tfti veiling Crane. 



Whipple on Bridge Biiildlug. 



p, llluSWBIl'il. CU't 



HlHl. 



AN ELEMENTARY AND PRACTICAL TREATISE ON 
BRIDGE BUILDING. An enlftrged oiid impruTiHl odition yf 
the Author's original work. By S. Whipple, C E., Inventor of 
the Whipple Bridges, &q, Seconii Edidon. 

The design has been to dovolop from Fundamental Prinniples a syatcm eiuiy 
of oomprehcnaioa, and each as to enable the attentive reader and student to 
j ud^ imderstiindingly for himself, as to the relativo merits of different plans 
and Romblnationa, and to adopt for use aurh ils may be most suitable for thu 
oases he may liave to deal with. 

It is hoped the work may ppovo an H)propriate Te.tt-Book upon the subjeot 
treated of. tor the Enj,Tneering Student, and a useful raHliual tuT the Practio- 
ing Engineer and Bridge Builder. 



6 SCIENTIFIC BOOKS PUBLISnED BY 

Stoney on Strains. 

JVmv arui Jteviseil Eiiitiou, with numerous iUfuaratlona. 

Royal era, GU pp. Clotb. |13.50. 

THE THEORY OF STRAINS IN GIRDERS and Siiiiilar Strue- 
tarea, witk Observationg ou tlie Application of Theory to Practica, 
and Tables of Strongtii and other Friipertieg of Materials. Rf 
Bi>'iios B. Stonet, B. a. 

Roebling's Bridges. 

Impcriul folio. Cloth. 125.00. 

LONG AND SHORT SPAN R.AII.WAY BKIIXiES, By Jobk 

A. RoEBLixo, C. E. Illustrated with lai^o coppeqjiate ongniT- 
inga of plans and views. 

Xis( of J-'kifes 

1. ParaboliG Truss Railway BridgB. 3, 3, 4, 5, 0. Details of Paniboliu 
Truss, with centre Bpan 500 teot in the clear. 7. Plan Mxd View of a Bridge 
over the Mississippi River, at St. Lauia, for railway and oommon travel. 8, S, 
10, 11, 12. Details and View of St Loaia Bridge. 13. Eftilrotul Bridge over 
the Ohio. 



Diedrichs' Theory of Strains. ^H 

»vo. Cloth. $l>.00. ^^1 

\ Compendium for the Calculation and Consti'uotion of Bridges, 
Roofs, and Cranoa, with the Application of Trigonometrical- 
Notes. Containing the moat comprehensive information iu re^ 
gard to the Resulting Strains for a permanent Load, as also for 
a combined (Permanent and BoUing) Load. In two eections 
adapted to the requiromenta of the proaent time. By John Died- 
Btciia. Illustrated by numerous plates and diagrams.. 

" The wont of a cumpa<;t, universal aud popular treatise oa the ConatruB- 
tioii of Roofs and Bridges — espBcially one treating of the iafluenoo of a varia- 
ble load. — Bai the uuaatisf^tory essays of dilfercut autliora on the Hubj*jt, 
induoed me to prepare fhin work." 
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Whilden's Strength of Materials. 

13mo. Cloth. 12.00. 

ON THE STEENGTH OF MATERIALS used in Engineering 
Construction. By J. K. Whilden. 



Oampin on Iron Roofs. 

Large 8yo. Cloth, f 3.00. 

ON THE CONSTEUCTION OF lEON EOOFS. A Theoi-etical 
and Practical Treatise. By Feancis Campix. With wood-cuts 
and plates of Eoofs lately executed. 

** The mathematical formalas are of an elementary kind, and the process 
admits of an easy extension so as to embrace the prominent varieties of iron 
truss bridges. The treatise, though of a practical scientific character, may be 
easily mastered by any one familiar with elementary mechanics and plane 
trigonometry." 

HoUey's Railway Practice. 

1 vol. folio. Cloth. $12.00. 

AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 
the Economical Generation of Steam, including the materials 
and construction of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, Super-heating, Supplying 
and Heating Feed- water, &c., and the adaptation of Wood and 
Coke-burning Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &c., &c. By Alexaxder L. Holley, B. P. With 77 
lithographed plates. 

" This is an elaborate treatise by one of our ablest civil engineers, on the con- 
struction and use of locomotives, with a few chapters on the building of Rail- 
roLd.8. * * * All these subjects are treated by the author, who is a 
iirst-class railroad engineer, in both an intelligent and intelligible manner. The 
facts and ideas are well arranged, and presented in a clear and simple style, 
accompanied by beautiful engravings, and we presume the work will be regard- 
ed as indispensable by all who are interested in a knowledge of the construc- 
tion of railroads and rolling stock, or the working of locomotives.** — SdenUfic 
American, 
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Henrici's Skeleton Structures. i 

8vo. Cloth. JJ.iSO. 

SKELETON STRUCTURES, eBpacially ui their Applicalioa to I 
the building of Steel and Iron BriUgos. hy Oi_\irs HexbiCi. 
With folding plates and diagrams. i 

B^ presenting these gencntl exuninatiooa oa Skeleton StruotnnM, wltli 
particular application for Snapendeil Bridgijs, to EngineorB, I Tentnre to ej" 
preHS the hojw that they will receive tliese theorettcil reaulta with soma conft' 
dencc, even although an opportunity ia wanting to compare them with ifftuiti- 
oal results. 0. H. 



Useful Information for Railway Men. 



Fooket fornt. Itluroeco, gilt, (2.00. 



Engineer. Fifth edition, revised 
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Compiled by W. G. H. 
and enlai^ed. 570 pagea- 

" It embodies many valuable formnliE and recipes useful far railway men, 
and, indeed, for almost every claas of personB in the world. The 'informa- 
tioiL ' comprises some valuable formulte aad rules for the cOKstraction ef 
boilers nnd enginea, masonry, properties of steel and iron, and Uie strength 
of ma,terU.la guaeraHy." — Railroad QmeiCc, Chicago. 



Brooklyn "Water "Works. 

1 vol. folio. Cloth. 135.00. 

A DESCEIPTIVE ACCOUNT OF THE CONSTEUCTION OF 
THE WOEKS, and also Itoports on tha Brooklyn, Hartford, 
Belleville, and Cambridge I'umping Engines. Prepared and 
printfid by order of the Board of Water Commission ora. WitJi 
69 illustrations. 

CoNTENTS.^upply Ponda^The Conduit -Eidgu Wood Engino House and 
Pump Well — RidgowooJ Engines — Force Mains — Ridgewooil Eoservuir — 
Pipe Distribution— Mount Proapect Reservoir— Mount Prospect Engine 
~ —se and Engine — Drainage Grounds — Sewerage "Works — Appendix. 
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on Filtration. 

4to. Clotti. $15.00. 

REPOET ON THE FILTRATION OF RIVER WATERS, for 

the Supply of Cities, as practised in Europe, made to the Board 
of Water Commissioners of the City of St. Louis. By James P. 
KiRKwooD. Illustrated by 30 double-plate engravings. 

Contents. — ^Report on Filtration — London Works, General — Chelsea 

"Water Works and Filters — ^Lambeth Water Works and Filters — Southwark 

and Vanxhall Water Works and Filters — Grand Junction Water Works and 

Filters — West Middlesex Water Works and Filters — ^New Elver Water 

Works and Filters — East London Water Works and Filters — ^Leicester Water 

Works and Filters — ^York Water Works and Filters — Liverpool Water Works 

and Filters — Edinburgh Water Works and Filters — ^Dublin Water Works 

and Filters — Perth Water Works and Filtering Gallery — Berlin Water 

Works and Filters — Hamburg Water Works and Reservoirs — ^Altona Water 

Works and Filters — Tours Water Works and Filtering Canal — Angers Water 

Works and Filtering Galleries — Nantes Water Works and Filters — Lyons 

Water Works and Filtering Galleries — Toulouse Water Works and Filtering 

Grfllleries — Marseilles Water Works and Filters — Genoa Water Works and 

Filtering GfiUeries — Leghorn Water Works and Cisterns — Wakefield Water 

Works and Filters — Appendix. 



Tanner on Roll-Turning. 

1 vol. 8vo. and 1 vol. plates. $10.00. 

A TREATISE ON ROLL-TURNING FOR THE MANUFAC- 
TURE OF IRON. By Peter Tunxer. Translated and adapted. 
By John B. Pearse, of the Pennsylvania Steel Works. With 
numerous wood-cuts, 8vo., together with a folio atlas of 10 litho- 
graphed plates of Rolls, Measurements, &c. 

" We commend this hook as a clear^ elaborate, and practical treatise upon 
the department of iron manufacturing operations to which it is devoted. 
The writer states in his preface, that for twenty-five years he has felt the 
necessity of such a work, and has evidently brought to its preparation the 
fruits of experience, a painstaking regard for accuracy of statement, and a 
desire to furnish information in a style readily understood. The book should 
be in the hands of every one interested, either in the general practice of 
mechanical engineering, or the special branch of manufacturing operations to 
which the work relates.*' — American Artisan. 



fyr-rsiTi -m. -he- 3rxw&: of Warei 

I,.'. ,.''.»■» .Ti,.4. .r.ii ', ji-;* •j.ur'a)u ".■> TiirrLHiis jti- rh: 



r .. ,.'■.'.» — i^Ti^Mt VI -*M' :ir:iii':nie3i ^od Tnctiee a^ -zn-nnignir 

- l^ ,-. ■* .J 4-»:'0;»»*i -i\ -hf. f-pv.^ps n the ^Cauairrai- tt i jiahi*' 

. . : , -,s* ..-.-.s/j Art'jrni^^r Thn inthi>r ays ir ls k irac :iLwanr 

. ...:*- J * . f. A -;■..* *!.»!hi7:i. i'^i?rntiim. mil Tip^gmrsLL-nr ir "iw 

' ■•. vf; r..- :4';-; ■ 7' 4 1 ^^^^, iwi^l md oeeded >finzrdji£cun. i> 



{h'mior on SteeL 

I ill !♦...;.. I t'itK-i-44 ill tJj<: I, ^iJ^&*l IMiirS, t'" H^ 

I nil. il ,1: I I., tiilim/MijilM'l 'Iniwiii^ aai "sro:*!-;--?. 

>i ■•11.. |.ii.4.-tii. a '-itn-ful, ol&borate. asi a; *i*>' i 

I 1.. I..I.. i'lii |f liy mi- il pr<nKrr ti"!i of st-s-:-!. as Tc- 

I , t It.m M- 1\ ■•t;ipli.inc<;?< for ila mmifjo 

•■ I, !• .iii.iitM i'lii.tifiNMl rniiri in'inv trusfccrthT 
I I, ,t., . I., itii> AmiTii-aii ati-A manufacturer. 
■ I- I. ...ill III.. i.>.4iiii t III' iM i*<>l'u I :ixi(l elaborate ex- j 
|.i.-l>.tiii Itimwir fur HW.'ccssful com- 

■ t „ iiU ii>i» tun iiiitlirr!*. 'Uho fact that this i 

■ I 

I .Il , I ill. . i( tiii'i till ur>fiHtH of the present day, 
(ii\iti.iiilii iHiiiMiiUuMti>m. — Jfvn Aff€. 
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Bauerman on Iron, 

12mo. Cloth. $2.00. 

TREATISE ON THE METALLURGY OF IRON. Contain- 
ing outlines of the History of Iron Manufacture, methods of 
Assay, and analysis of Iron Ores, processes of manufacture of 
Iron and Steel, etc., etc. ' By H. BAUEE:tfAN. Eirst American 
edition. Revised and enlarged, with an appendix on the Martin 
Process for making Steel, from the report of Abram S. Hewitt. 
Illustrated with niunerous wood engravings. 

*^ This is on importanfc addition to the stock of technical works pnblished in 
this country. It embodies the latest facts, discoveries, and processes con- 
nected with the manufacture of iron and steel, and should be in the hands of 
erery person interested in the subject, as well as in all technical and scientific 
libraries." — ScieiUific American, 



Link and Valve Motions, by W. S. 

Auchincloss. 

8vo. Cloth. $5.00. 

APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methods for proportioning the parts. By William 
S. AucniNCLoss, Civil and Mechanical Engineer. Designed as 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithographic plates, together with a copperplate engraving of the 
Travel Scale. 

All the matters wo have mentioned are treated with a clearness and absence 
of unnecessary verbiage which renders the work a peculiarly valuable one. 
The Travel Scale only requires to be known to bo appreciated. Mr. A. writes 
80 ably on his subject, we wish he had written more. London En^ 
gmeering. 

We have never opened a work relating to steam which seemed to us better 
oaloolated to give an intelligent mind a clear understanding of the depiurt- 
xnent it discusses. — Scientific American, 
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Slide Valve by Eccentrics, by Prof. 
C. W. MacCord. 

4ta. mnmted. Cloth, flXO. 

A PRACTICAL TREATISE OX THE SIJDE VALVE BT 

ECCENTRICS, examining b; Dwdkod^ lfa« meOaa. of tb ^tt^. 

trie upoD the Slide Valve, wid explaini^ lh« pnctical yom 

»M uf iajing onC the rouremeiLts, ad^tiBg the tsIv« far xk 

TttrioMS dutittS IB t^"* ftAeU&^QElllA. For tlllO use of £DCXBMBt 

Oran^tamien, UBchiaistB, and Stadeats of T«lTe iBotio— is 
gMkaraL Br C W. MicCbu, A. IL, PkofaMor «f Ifa^ninl 
Onnng. Stereos' lastiCnte of Tedudog;, HobokeM, H J. 



Stillman^s Steam-Engiiie Indicator. 

THE STEAM-EXGINE IXDICATOB, simA ti^ Impend Mno- 
'"itw Steaa and Vaeiram Ganses ; Aeir ntrK tw- mmA oe&aticB 
Itf- P&rL SnLUE&x. Xev —'■*?— 



Bacon's Steam-Engine Indicator. 

A TREATISE ON THE RICHARDS STEAil-ENGIXE Ef- 
DtCATOK. with diwrtiona fi>r its xme. Bv t Vmrg^ T. Fokckk^ 
Si^vtdeil. wilh. uutos sauI laige lUipmi^ mt d^v&lop««I bj^ Amex--— 
inn ItartiHv «isk a» J^pmdix oonteiaiBg oae&lfiMmBlK nA 

Afl>M»M SecM^ tf Cita I 

In Aisvodt.]&.E^>rtK'9 book bda bant teka&wtfu b 



Bartol on Marine Boilers- 

Svo. CTuUj. *1-50. 
TKB-VTISE OX THE M-VRIXE Bt.>ILEBS OF THE fXHTED 
'Cli& Bv U. B. Baktoi.. IllufCiatoiL 




Gillmore's Limes and Cements. 

Fourth JEdiUon. ^Reviseil and Enlargd. 

8vo. Cloth. $4.00. 

PRACTICAL TREATISE ON LIMES, HYDRAULIC CE- 
MENTS, AND MORTARS. Papers on Practical Engineering, 
U. S. Engineer Department, No. 9, containing Reports of 
numerous experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q. A. Gillmore, Brig-General 
U. S. Volunteers, and Major U. S. Corps of Engineers. With 
numerous illustrations. 

*' This -work contains a reoord of certain experiments and researches made 
Txnder the authority of the Engineer Bureau of the War Department from 
1858 to 1861, upon the various hydraulic cements of the United States, and 
'the materials for their manufacture. The experiments were carefully made, 
Cind are well reported and compiled. ' — Journal FranMin Institute, 



Gillmore's Ooignet Beton. 

8vo. Cloth. $2.50. 

COIGNET BETON AND OTHEE AETIFICIAL STONE. By 
Q. A. GiLLMOKE. 9 Plates, Views, etc. 

This work describes with considerable minuteness of detail the several kinds 
of artificial stone in most general use in Europe and now beginning to bo 
introduced in the United States, discusses their properties, relative merits, 

and cost, and describes the materials of which they aro composed 

The subject is ono of special and growing interest, and we commend the work, 
embodying as it does the matured opinions of an experienced engineer and 
expert. 



Williamson's Practical Tables. 

4to. Flexible Cloth. $2.50. 

PBACTICAL TABLES IN METEOROLOGY AND HYPSO- 
METRY, in connectioii with the use of the Barometer. By Col. 

R. S. WiLLIAHSOM, TJ. S. A. 
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■Williamson on the Barometer. 

4to. Ckitii. $is.oa 
ON THE USE OF THE BAROMETER ON SURVEYS AND 
REC0KNAIS8ANCE8. Tart 1. Meteorolt^y in ila Connec- 
tion with Hypsomotry. Part JX- Barometric Hypaometry. By 
R. 8. WiixiASisos, Bvt Lient-Col. IT. S. A,, Major Corps of 
Engineers. With Illustrative Tables and Engravings. Paper 
No. 15, Profeseional Papers, Corps of EngineerB. 

" S.\s FKAHcaaco. Cau. Feb. 27, 1867. 
" Qen. A. A, HuMPanars, Cliipf of Engrioeera, II. S. Army : 

" Gener.u., — I hiiro tha huiior to Eubmit to you, in the following; pages, tbc 
results of my iuvestigatioiis in mctiMrology and hypBomotiy, mode witli tie 
Ttew oE aawrtsiniiig how far tlio bnrameter can be nsed b» a reliable instru- 
ment for determining altitudea on eitfinded lines of Burvey and reconnaiB- 
Banees. These iaveatigations hare oocnpied tho iBiauro permitted me from my 
ptofesaiona.! dntiea during' the last ten years, and I hope the results will be 
deemed of BufiicieDt Yulao to have n place assigned them among the printed. 
profesBiouEil papisra of tho United SCatea Corps of Engiueers. 
" Very respectfully, your obedient Bervant, 
• -K 8. WILLLlilSON. 

" Bvt. Lk-OoL TJ. 3. A., Major Corps of U. 8. Engineers." 

Von Ootta's Ore Deposits. | 

8to. Cloth. ?4.O0. I 

TREATISE ON ORE DEPOSITS. By BKRyHARD Yon OoTTi, 
Professor of Geology in the Royal School of Mines, Freidberg, 
Saxony. Translated from tho sBCond German edition, by 
Fbedehick Pcijib, Jr., Mining Engineer, and revised by tho 
author, with aumerous illnstrations. 
" Prof. Von Cotta of the Freiberg School of Mines, is the author o* the 
beat modem trcLitiso on oro doposita, aud we are heartily glad thiit iiiis ad- 
mirable work hcs been translated and published in this country. Tho trans- 
lator, Mr. Frederick Prime, Jr., R graduate of Freiberg, has had in liis worl*: 
tho great odvantago of B revision by tho author Limaelf, wbo deelarea in £•- 
prefatorj- note that this may he conaidprod as a now edition (the third) of hi^ 

" It i^ a timely and welcome contribution to tho literature of mining la""- 
this country, and wo are grateful to tho translator for hJB enterpriae and gootl , 
judgmont in undertaking ita preparation ; whilo wB recognize wlti equal cor— i 
diality tlio liberality of the author in granUng bath penuiasion and Kagisfc— 
— Extract frtnn Hevifw in Engineering and Mining Journal. 





Plattner^s Blow-Pipe Analysis. 

Seoond edition. Beyised* 8Vo. Cloth. $7.60. 

PLATTNER'S MANUAL OF QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. From 
tho last German edition. Revised and enlarged. By Prof. Tn. 
RiCHTER, of the Royal Saxon Mining Academy. Translated by 
Prof. H. B. Cornwall, Assistant in the Columbia School of 
Mines, New York ; assisted by Johx H. Caswell. Illustrated 
with eighty-seven wood-cuts and one Lithographic Plate. 560 
pages. 

** Plattner's celebrated work has long been recognized as tho only complete 
liook on Blow-Pipe Analysis. The fourth German edition, edited by Prof. 
Xtichter, fully sustains the reputation which the earlier editions acquired dur- 
i.iig tho lifetime of the author, and it is a source of great satisfaction to us to 
Icnow that Prof. Bichter has co-operated with the translator in issuing the 
American edition of the work, which is in fact a fifth edition of the original 
"work, being far more complete than the last Grerman edition.'* — 8tUiman*8 
Journal 

There is nothing so complete to be found in the English language. Platt- 
xier's book is not a mere pocket edition ; it is intended as a comprehensive gnide 
"to all that is at present known on the blow-pipe, and as such is really indis- 
pensable to teachers and advanced pupils. 

" Mr. Cornwall's edition is something more than a translation, as it contains 
many corrections, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its Grerman dress." — Journal of 
Applied Chemistry, 



Egleston's Mineralogy. 

8vo. Illustrated with 34 Lithographic Plates. Cloth. $4.50. 

X^ECTURES ON DESCRIPTIVE MINERALOGY, DeHverod 
at the School of Mines, Columbia College. Br Peofessok T. 
Egleston. 

These lectures are what their title indicates, the lectures on Mineralogy 
delivered at tho School of Mines of Columbia College. They have been 
X^rinted for the students, in order that more time might be g^vcn to the vari- 
c^iis methods of examining and determining minerals. The second part has 
^^nly been printed. The first part, comprising crystallography and physical 
^^Kiineralogy, will be printed at some future time. 



SCIENTIFIC BOOKS FUBLISnED BY 



Harrison's Mechanic's Tool-Book. 

ISiuo. Cloth. %\.m. 
MECHANIC'S TOOL BOOK, with practical rules and suggestioiiB, 

for tile use of Macliinista, Iron Workers, and others. By W, B, 

HiKBiaus, Associate Editor of the " American Artisan." Ulnfitra- 

ted with 44 engravings. 

" This work IB specially adupled to meet tho wimta of Uachiniita utd vedi- 
crs in iron gonoraUy. It is made up of tho work-day experienos of an inWli- 
^nt and ingotiioun meclmnic, who hml the faculty of odaptili^ tools to Tsriooa 
piirposca. Tho practicability of liia plang and BuggCBtiona aro inadi> ippnient 
even to tho onpcactised eye by a series of well-executed wood cngTBTingi,"— 
PMadi-lpMa Inqntra: 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Bightli EdltioB. Svo. Cloth ^2.00. 

A Hand-book for ElectriciauB and Operators. By Pkakk L. Pope. 

Seventh edition. Eevised and enlarged, and fully illustrated. 

Extract from Letter of Prof. Morie. 
" I huvehod time only cnrsorily to examine its contents, but thU oxaminjl- 
tion haa resulted in great gratification, especially at the fairness and unpre- 
jndiced tone of your wholo work. 

" Your iUaatrated diagrams are ndmirable and beautifully eiocutod. 
" I think all your inBtmctiona in tho use of the tel^pmph apparatus judi- 
cioua and correct, and I most cordially wish yon BiujcesB," 
EMract from Letter of Prof. 0. W. Hough, of Ihe Dudley Obscrcatwy. 
" There is no other work of this kind in the Eng'liah tang:uage that cod' 
taina in so small a compaas so mnch practical information in the application 
of galvanic electricity to telegraphy. It should be in Ihe hands of every one 
n telegraphy, or tho use of Batteries for other purpoaea." 



Morse's Telegraphic Apparatus. 

Illustrated. 8vo. Cloth. $2.00. 

EXAMINATION OF THE TELEGILVPHIC APPARATUS 

AND THE PEOCESSES IN TELEGAPHY. By S-kuvel F. 

B. MoBsK, LL.D., Vnitod Stales Commissioner Paris Universal 

Exposition, 180T. 
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Sabine's History of the Telegraph. 

12mo. Cloth. $1.25. 

HISTORY AND PEOGEESS OF THE ELECTEIC TELE- 
GEAPH, with Descriptions of some of tlie Apparatus. By 
EoBEET Sa^bine, 0. E. Second edition, with additions. 

Contents. — I. Early Observations of Electrical Fhenomeua. IL Tele- 
graphs by Frictional Electricity. III. Telegraphs by Voltaic Electricity. 
IV. Telegraphs by Electro-Magnetism and Magneto-Electricity. V. Tele- 
graphs now in use. VI. Overhead Lines. VH. Submarine Telegraph Lines. 
VIIL Undergpround Telegraphs. IX. Atmospheric Electricity. 



Haskins' Galvanometer. 

Pocket form. Illustrated. Morocco tacks. $2.00. 

THE GALVANOMETEE, AND ITS USES ; a Manual for 
Electricians and Students. By C. H. Haskiks. 

" We hope this excellent little work will meet with the sale its merits 
entitle it to. To every telegrapher who owns, or uses a Galvanometer, or 
ever expects to, it will be quite indispensable." — The Telegrapher, 



OuUey's Hand-Book of Telegraphy, 

8vo. Cloth. $5.00. 

A HAND-BOOK OF PRACTICAL TELEGRAPHY. By 

R. S. CuLLEY, Engineer to the Electric and International 
Telegraph Company. Yihh edition, revised and enlarged. 



Foster's Submarine Blasting, 

4to. Cloth. $3.50. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts- 
Removal of Tower and Corwin Rocks. By John G. Fosteb, 
Lieutenant-Colonel of Engineers, and Brevet Major-General, U. 
S. ArOiy. Illustrated with seven plates. 

List of Plates. — 1. Sketch of the Narrows, Boston Harhor. 2. 
Townsend's Submarine Drillings Machine, and "Working Vessel attending. 
iJ,. Submarine Drilling Machine employed. 4 Details of Drilling Machine 
employed. 5. Cartridges and Tamping used. 6. Fuses and Insulated Wires 
used. 7. Portable Friction Battery used. 
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Barnes' Submarine Warfare. 

Svo. Cloth. f5.00. 

SUBMAItlNE WABFARE. DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete History of tlio Inveatioo of the 
Torjiedo, its einploymont \\\ War ond results of its uso. De- 
scriptions of t!ie Torioua forms of Torjiedops, Buljmarine Eatferies 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Eloctriuity, and a full account 
of experiments uiado lu determine the Explosive Eorce of Gun- 
po-ivdor under Water. Also a discussion of the Offensive Tori)edo 
system, its ofleot upon Iron-Clad Ship ayatoms, and influence upon 
Future Naval Wars. By Lieut. -Commander Jnaw 6. B.msBs, 
IT. S. N. With twenty lithographic plates and many ^ood-cuta. 

"A book important to military men, and especially bo to eaginoera cad nr- 
tilleriabi. It oonsuta of on cxuimnutioo of tho Torious offcnBivo and defcaaivo 
enginCH tbat have been oonniTod for submarino hostilities, including u diacQK- 
sion of tho torpedo syatom, its effects upon iron-clad ship-Bj-ato:as, mul ita 
probable influence npon future naval wars. Platea of a voliiablo character 
.■w,compiiny tlio troatiBO, whisli affords a useful history of tho momentous sub- 
ject it diicasBoa. A great deal of nsefal informatiou is collected in its papcs, 
cipeoially concerning the inventions of SoilOliI. and VeuDO, am! of JoKES' 
and Hunt's liatteries, as well aa of other similar machines, and the nso ii 
Bubmarine operations of (<;un-oottan and nitre-glycerine." — JH. Y. Ttftt 



Randall's Qiiartz Operator's Ham 
Book. 






QUABTZ OPEEATOR'S HAND-BOOK. By 1'. M. Eisn.u.L, 
New edition, revised and enlarg'ed. Fully illustrated. 



The object of this werk Inn been to present a clo.ir and mpreh nai 

of minarjl veiai, and tho msjnj and modes ehicB ji y d f 

working of thair ores — luurc especially those co a n d 




D. VAJSr JSrOSTRAJSTD. 23 

Mitchell's Mamial of Assaying. 

8vo. Clotli. $10.00. 

A MANUAL OF PEACTICAL ASSAYING. By John Mitchell. 
Third edition. Edited by William Ckookes, F.E.S. 

In this edition are incorporated all the late important discoveries in Assay- 
ing made in this country and abrosid, and special care is devoted to the very 
important Volumetric and Colorimetric Assays, as well as to the Blow-Pipo 
Assays. 



Benet's Chronoscope. 

Secontl Edition. 

Illustrated. 4ix). Cloth. $3.00. 

ELECTEO-BALLISTIC MACHINES, and the Schultz Chrono- 
scope. By Lieutenant-Colonel S. Y. Benet, Captain of Ordnance, 
U. S. Army. 

Contents. — 1. Ballistic Pendulum. 2. Gun Pendulum. 3. Use of Elec- 
tricity. 4. Navez* Machine. 5. Vignotti's Machine, with Plates. C. Benton's 
Electro-Ballistic Pendulum, with Plates. 7. Leur's Tro-Pendulum Machine 
8. Schultz's Chronosoope, with two Plates. 



Michaelis' Cliroiiograpli. 

4to. Illustrated. Cloth. $3.00. 

THE LE BOULENG^ CHEONOGEAPH. With three litho- 
graphed folding plates of illustrations. By Brevet Captain E. 
Michaelis, First Lieutenant Ordnance Corps, U, S. Army. 

" The excellent monograph of Captain Michaelis enters minutely into tho 
details of construction and management, and gives tables of tho times of flight 
calculated upon a given fall of the chronometer for all distances. Captain 
Michaelis has done good service in presenting this work to his brother officers, 
describing, as it does, an instrument which bids fair to be in constant use in 
our future ballistic experiments.' — Army and Navy JoudmI. 
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Silversiiiith^s Hand-Book. 

Fourth Edition. 

Illostrated. 12mo. Clotb. tSXX). 

A PRACTICAL HAND-BOOK FOR MINERS, Metallurgwts, 
and Aflsayorg, comprising the most recent improvements in the 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining 
liaws. Ghroatly augmente<l, revised, and corrocte<L By Jclius 
SiLVEKMMiTii. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

Ono of the moHt important featares of this work is that in which the 
metallurgy of the precious metals is treated ol In it the author has cndear- 
orod to embody all the processes for the reduction and manipulation of the 
prccioas ores heretofore successfully employed in Germany, England, Mexico, 
and the United States, together with such as have been more recently invented, 
and not yet fully tested — all of which are profusely illustrated and easy of 
comprehension. 



Simms' Levelling. 

8to. Cloth. $2.50. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVETjTjINO, showing its application to purposes of Railway 
Enginooring and the Construction of Roads, &c. By Fkederick 
W. SiMMH, C. E. From the fifth London edition, revised and 
wrroct<^.Hl, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-cuts. 

" One of the most important text-books for the gcacrjd surveyor, and there 
is scarcely a question connected with levelling for which a solution would be 
sought, but that would bo satisfactorily answered by consulting this volume.'' 
— Mining JouniaL 

** The text-book on levelling in most of our engineering schools and col- 
1 oges." — Knfjineern. 

"The publishers hare rendered a substantial service to the profession, 
f^p(;ci;illy to the younger members, by bringing out the present edition of 
Mr. Simms tiseful work." — Engineering. 
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Stuart's Successful Engineer. 

18mo. Boards. 50 cents. 

HOW TO BECOME A SUCCESSFUL ENGINEER : Being 
Hints to Youths intending to adopt the Profession. By 
Berkard Stuart, Engineer. Sixth Edition. 

*' A valaable little book of sound, sensible advice to youn^ men wlio 
wish to rise in the most important of the professions." — SeienUfic American, 



Stuart's Naval Dry Docks. 

Twenty-four engravings on steel. 
Fourth Edition. 
4to. Cloth. $6.00. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 

By Chables B. Stttabt. Engineer in Chief of the United States 

Navy. 

Jjist of lUicstrations, 

Pumping Engine and Pumps — ^Plan of Dry Dock and Pump-Well - Sec- 
tions of Dry Dock — Engine House — Iron Floating Gate — Details of Floating 
Grate — Iron Turning Grate — ^Plan of Turning Gate — Culvert Gfite — Filling 
Culvert Gkites — Engine Bed — Plate, Pumps, and Culvert — Engine House 
Hoof — Floating Sectional Dock — Details of Section, and Plan of Tum-Tables 
- — Plan of Basin and Marine Kailways — ^Plan of Sliding Frame, and Elevation 
of Pumps — Hydraulic Cylinder — Plan of Glaring for Pumps and End Floats 
— Perspective View of Dock, Basin, and Railway — Plan of Basin of Ports- 
mouth Dry Dock — Floating Balance Dock — ^Elevation of Trusses and the Ma- 
chinery—Perspective View of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. 18mo. Boards. 50 cents. 

A GUIDE TO OENAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

Contents. — Materials employed in Drawing, and how to use them — On 
Lines and how to Draw them — 'On Shading — Concerning lines and shading, 
with applications of them to simple elementary subjects — Sketches from Na- 
ture. 



*t:Xi/.'rj:^:7r J/Vfi£:/ JTJil^SIHIS JOI 
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Minifie^s Geometrical Drawing. 

jy^iff^ KtlUimt* Enlarged^ 

i%m^h (^fih. tZMO, 

tiy/fMimiU:AU IfUAWlSa, AbncU^ed from the octaTO cditko, 

fifi' iUif tik4t tffM^ftfU, WUi^ifixUA wiih 48 steel plates. New 

" I U ' wull wUiit^M tm u, it$%i'\MMfk iff drawingc to be used in our High Schools 
H/»'i ;^<wi><lM//<ii«4 w\M'ti ihU ti««yfiil t;rauch of tb« fioo arts has been hitherto too 
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Bell on Iron Smelting. 

8vo. Cloth. $6.00. 

CHEMICAL PHENOMENA OF lEON SMELTING. An ex- 
perimental and practical examination of the circumstances which 
determine the capacity of the Blast Furnace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
operated upon. By I. Lowthian Bell. 

" The reactions which take place in every foot of the hlast-fumace have 
been investigated, and the nature of every step in the process, from the intro- 
duction of tho raw material into the furnace to the production of the pig iron, 
has been carefully ascertained, and recorded so fully that any one in the trade 
can readily avail themselves of tho knowledge acquired ; and we have no hes- 
itation in saying that the judicious application of such knowledge will do 
much to facilitate the introduction of arrangements which will still further 
economize fuel, and at the saii:o time permit of tho quality of tho resulting 
metal being maintained, if not improved. The volume is one which no prac- 
tical pig iron manufacturer can afford to be without if he be desirous of en- 
tering upon that competition which nowadays is essential to progress, and 
in issuing such a work Mr. Bell has entitled himself to the best thanks of 
every member of tho trade." — London Mining Journal, 



King's Notes on Steam. 

TJiirteenth Edition. 

8vo. Cloth. $2.00. 

LESSONS AND PEACTICAL NOTES ON STEAM, the Stoam- 
Engine, Propellers, &c., *&c., for Young Engineers, Students, and 
others. By the late W. R. King, U. S. N. Revised by Chief- 
Engineer J. W. Kino, U. S. Navy. 

" This is one of the best, because eminently plain and practical treatises on 
the Steam Engine ever published. * — Philadelphia Press. 

This is the thirteenth edition of a valuable work of the late W. H. King, 
U. S. N. It contains lessons and practical notes on Steam and the Steam En- 
gine, Propellers, etc. It is calculated to be of great use to young marine en- 
gineers, students, and others. The text is illustrated and explained by nu- 
merous diagrams and representations of msuohxa.eTy,—Bo8ioti Daily Adver- 
tiser, 

Text-book at the U. S. Naval Academy, Annapolis. 
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Burgh's Modern Marine Engineering. 



iG thioi 41o vol. Cloth. J25.03. Half m 



$30.00. 



MODERN MAKLNE ENGINEERING, appUed to Paddle and 
Screw Propulsion. Consistiag of 3G Colored Plates, 259 Praetipal 
Wood-cut lilustrationa, ftnd 403 pages of Doscriptivo Matter, tho 
whole being aa exposition of the present practice of tlie follow- 
ing tirnis : Messrs. J. Penn & Sons ; Messrs. Miiudslay, Sons & 
Field; Messrs. James Watt & Co.; Messrs. J. & G. Eonnio j 
Messrs. E. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Ravenhill & Hodgson; Messrs. Humphreys &. Tenant; Mr. 
J. T. Spencer, and Messrs. Porrestfir & Co. By N, P. Briwu, 
Engineer. 

Piu.vciPAL CoNTEKTS.— Qenatal Arrangemciita of Engines, II examples 
— Ofnenl Arrangement of Boilocs, 14 ouimplca — General ArrangBment of 
Qupcrkeatem, 11 examples — Dotaila of 'Oscillatiii^ Puddle Engincti, iI4 ci- 
umploa — Oonienaoca for Screw Enginea, Iwth Injootion nnd Surface, 20 ei- 
Bmples — Details of Screw Engines, 20 examples — Cylinders and Dotoila of 
Screw Engines, SI oxamples — Stida Valroa and Details, T eiaiaplea — Slide 
Valve, Link Motion, 7 oiamplea — Expansion Valve* and Qoar, 10 exoin- 
l>lpa — Details in Generai, 30 ciamplea -Screw Propeller and Fittings, >B ex- 
amples Engine and Boiler Fittings, 28 osampleg -In relation to the Prind- 
plea of tha Murine Bogine and Boiler, !i3 examples 

Notices of the Press. 

"Every conceivable detail of tlio Marine Engine, under all its various 
forms, is profusely, and wo must odd, admirably illustrated by a multitade 
of engraringB, selected from tho best and roost modem practice of tho first 
Marine Engineers of tLe day. Tlio chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in oxisttnoo which will bear a 
moment's comparison with it as an exponent of the skill, talentnnd practical 
eipcrionce to which is due tho splendid reputation enjoyed by many British 
Marine Engineers."— it'n^ineer. 

'■ This very comprehensiTe work, which wsa issued in Monthly parts, has 
just been completed. It contains large and fall drawings and copious dc- 
BcriptionB of most of tho best examples of Modern Marine Engines, and it it 
a complete theoretical and praatical treatiao on tho subject of Marino Engi- 
neering." — Ameriean Arlmm. 

This is the only edition of the above work with the beaBtifnlly color&.i 
plates, and it is ont of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Edition. 

lUustrated. 4to. Cloth. $15.00. 
TEEATISE ON THE STEAM ENGINE in its various applica- 
tions to Mines, Mills, Steam Navigation, Bailways, and Agricul- 
ture, with the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical Instructions for the Manufacture and Management of 
every species of Engine in actual use. By John Bouene, being 
the ninth edition of " A Treatise on the Steam Engine," by 
the " Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

As Mr. Boume*s work has the great merit of avoiding unsound and imma- 
ture views, it may safely be consulted by all who are really desirous of ac- 
quiring trustworthy information on the subject of which it treats. During 
the twenty-two years which have elapsed from the issue of the first edition, 
the improvements introduced in the construction of the steam engine have 
been both numerous and important, and of these Mr. Bourne has taken care 
to point out the more prominent, and to furnish the reader with such infor- 
mation as shall enable him readily to judge of their relative value. This edi- 
tion hsis been thoroughly modernized, and made to accord with the opinions 
and practice of the more successful engineers of the present day. All that 
the book professes to give is given with ability and evident care. The scien- 
tific principles which are permanent are admirably explained, and reference 
is made to many of the more valuable of the recently introduced engines. To 
express an opinion of the value and utility of such a work as The Artisan 
0lub''8 Treatise on Hie Steam Engine^ which has passed through eight editions 
already, would be superfluous ; but it may bo safely stated that the work is 
worthy the attentive study of all either engaged in the manufacture of steam 
engines or interested in economizing the use of steam. — Mining Journal. 



Isherwood's Engineering Precedents. 

Two Vols, in One. 8vo. Qoth. $2.50. 

ENGINEEEING PEECEDENTS FOR STEAM MACHINERY. 
Arranged in tho most practical and useful manner for Engineers. 
By B. F. IsHERWooD, Civil Engineer, U. S. Navy. With illus- 
trations. 
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The Useful Metals and their Alloys ; 
Scoffren, Tniran, and others. 

Fifth Edition. 

8to. Halfcnlf. ^.75. 
THE USEFUL METALS AND THEIR ALLOYS, including 
MINING VENTILATION, MININO JUEISPEUDENCE 
AUD METALLUEGIC CHEMISTRY employwt in tlie conver- 
aion of IRON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, -mth thoir applicationa to THE INDUSTRIAL 
ARTS. By Joes Scoffrem, "Williau Truras, William Clat, 

EOBEBT OXLABD, WlLLIAU FAIBBAmjT, W. C, AlTKlS, aC(l Wtl^ 

LI AM VosE Pickett. 



Collins' XTsefiil Alloys. 

ISmo. Flexible. 71) cents. 

THE PRIVATE BOOK OP USEFUL ALLOYS and Mnmo- 

randa for Gkildsinitts, Jowellora, etc. By Jambs E. Collixs 

ThU littlo tiook ia compilnd from nofes made by the Author from tlifl 
papers of one o! the largest and moat eminent ]!tliiiiiifacturin.g (Goldsmiths und 
Jowollera in this oooutrj, iind as the firm is now no lon^r in existenoe, and the 
Author JH at pn?AGnt engaged in some other undertaking, he now offera to the 
public the benefit of hia ecperience, and in so doin^ he begs to state that all 
the alloya, etc., given in these pages may be coufidontly relied on as being 
thoroughly practicable. 

The Memoranda und Receipts throughout this book ore also compiled 
from practice, and will no doubt be louod useful to the pmctioal jeweller. 
—SMrltj/, July, 1871. 

Joynsons Metals Used in Construction. 

13mo. Cloth. 75 cents. 
THE METALS USED IN CONSTRUCTION: Iron, Steel, 
Bessemer Metal, etc., etc. By Eb-ujcis Hehiiehi Jovssoy. Il- 
lustrated, 

" In the interesta of practical acienca, wB are bound to notice this work; 
and to those who wish further information, we should say, buy it ; and ths 
outlay, we honestly belicTe, will bo considered well spent." — HcierUiJie 
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Rogers' Q-eology of Pennsylvama. 

8 Vols. 4to, with Portfolio of Maps. Cloth. $80.00. 

THE GEOLOGY OF PENNSYLVANIA. A Government Sur- 
vey. With a general view of the Geology of the United States, 
Essays on the Coal Formation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
Henry Darwin Rogers, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text. 

It certainly should be in every public library uoroughout the country, and 
likewise in the possession of all students of Geology. After the final sale of 
these copies, the work will, of course, become more valuable. 

The work for the last five years has been entirely out of the market, but a 
few cox^ies that remained in the hands of Prof. Rogers, in Scotland, at the 
time of his death, are now offered to the public, at a price which is even 
below what it was originally sold for when first published. 



Morfit on Pure Fertilizers. 

With 28 Illustrative Plates. 6vo. Cloth. $20.00. 

A PRACTICAL TREATISE ON PURE FERTILIZERS, and 

the Chemical Conversion of Rock Guanos, Marlstones, Coprolites, 
and the Crude Pliosphates of Lime and Alumina Generally, into 
various Valuable Products. By Campbell Morfit, M.D., P.C.S. 



Sweet's Report on Coal. 

8vo. Cloth. $3.00. 

SPECIAL REPORT ON COAL ; showing its Distribution, aassi- 
fication, and Cost delivered over different routes to various points 
ill the State of New York, and the principal cities on the Atlantic 
Coast. By S. H. Sweet. With maps. 



Oolburn's Gas Works of London. 

12mo. Boards. GO cents. 

GAS WORKS OF LONDON. Bv Zerah CoLBUEBr. 
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Peirce's Analytic Mechanics. 

Ha. Cloth. $10.00. 

SYSTEM OF ANALYTIC MECHANICS. Physical and Celestial 
Mechanica. By Bknj.imin Peijicb, Perkina Professor of Astronoiuj 
and Mathematics in Harvard Univeraily, aad Conaiilting As- 
tronomer of the Amoriciia Ephomeris and Nautical Almanac. 
Developed ia four syHtema of Analytic Mechanics, Celestial 
Mechanica, Potential Physics, and Analytic Morphology. 

" I IiaTe re-examined the memoire of the groat geometers, and hare striven 

to consolidate their Utest resoarchea and their most exalted forma of thought 

to a cooBiatcat nnd uniform troatiao. If I hare hereby ■Qooaeded in opea- 

g ia the atndents of my country a, rendiar accena tu thoao ehoice jewela of 

tcUect ; if their brilliiuicy is not impaired in this attempt to reitet them ; if, 

their own coostcllatioii, they illustrata each othor, and coaceatrute 

a stronger light upon the namea of their disooverers , and, still more, if any 

^•em which I may huvu proaiimod to add ia not wholly InHtreless in the colloe- 

tion, 1 shall feel that my work has not been in vain." —Extract from the Pn- 

Burt's Key to Solar Compass. 

Second Edition. 

Pocket Book Form. Tuck. 12.50. 

KEY TO THE SOLAE COMP^^VSS, and Surveyor's Companion ; 
comprising all the Rulea necesaory for uao in the field ; ako, 
Desoriptiott of tlic Linear Survoya and Public Land System of 
the United States, NDt<sa ou tlie Barometer, Suggestions for an 
outfit for a Survey of four months, eto., etc., eta By W. A. 
BcEi, U. S. Deputy Surveyor. Second edition. 



Chauvenet's Lunar Distances. 

8ro. Cloth. $2.00. 
NEW METHOD OF COIiRECTINO LUNAE DIST^iNCES, 
and Improved Method of Finding the Error aud Rate of a Chro- 
nometer, by equal altitudes. By Wm. CniiTESirr, LL.D., Chan- 
cellor of Washington Univoraify of 'St. Louia, 
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Jeffers' Nautical Surveying. 

Illustrated -with 9 Copperplates and 31 Wood-cut Illustrations. Svo. 

Cloth. 15.00. 

NAUTICAL SUEVEYING. By William N. Jbffees, Captain 

U. S. Navy. 

Many books hare been written on each of the subjects treated of in the 
sixteen chapters of this work; and, to obtain a complete knowledge of 
geodetic surveying requires a profound study of the whole range of mathe- 
matical and physical sciences ; but a year of preparation should render any 
intelligent officer competent to conduct a nautical survey. 

Contents. — Chapter L Fprmulse and Constants Useful in Surveying 
II, Distinctive Character of Surveys. IIL Hydrographic Surveying under 
Sail ; or, Running Survey. IV. Hydrographic Surveying of Boats ; or, Har- 
bor Survey. V. Tides — Definition of Tidal Phenomena — Tidal Observations. 
VI. Measurement of Bases — Appropriate and Direct. VII. Measurement of 
the Angles of Triangles — ^Azimuths — Astronomical Bearings. VIII. Correc- 
tions to be Applied to the Observed Angles. IX. Levelling — ^DiiFerence of 
Level. X. Computation of the Sides of the Triangulation — The Three-point 
Problem. XI. Determination of the Geodetic Latitudes, Longitudes, and 
Azimuths, of Points of a Triangulation. XTT. 3unDnary of Subjects treated 
of in preceding Chapters — ^Examples of Computation by various Formulae. 
XIII. Projection of Charts and Plans. XTV. Astronomical Determination of 
Latitude and Longitude. XV. Magnetic Observations. XVI. Deep Sea 
Soundings. XVIL Tables lor Ascertaining Distances at Sea, (^d a full 
Index. 

List of PlcUes, 

Plate L Diagram Illustrative of the, Triangulation. II. Specimen Page 
of Field Book. III. Running Survey of c Coast. IV. Example of a Running 
Survey from Belcher. V. Flying Survey of an Island. VI. Survey of a 
Shoal. VIL Boat Survey of a River. VIII. Three-Point Problem. IX. 
Triangulation. 



Coffin's Navigation. 

Fifth JEdltion. 

12mo. Cloth. $3.50. 

NAVIGATION AND NAUTICAL ASTEONOMY. Prepared 
for the use of the U. S. Naval Academy. By J. H. G. GoFriN, 
Prof, of Astronomy, Navigation and Surveying, with 52 wood- 
cut illustrations. 
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Clark's Theoretical Navigation. 

8to. Cloth. »3.00. 

THEORETICAL NAVIOATION AND KAUTICAL ASTKON- 
OMY. By Lewis Clakk, Lieut. -Commander, U. 8. Kavy. Il- 
lustrated vith 41 Wood-outs, including the Yemier. 

Preparod for Use at the U. 3. Naval Academy. 



The Plane Table. 

ninattated. 8vD. aotli. #2. 00. 

ITS USES IN TOPOGEAPHICAL SUK'V'EYINa. From the 
Papers of the U. S. Coast Survey. 

Tbia work gires a descriptian of the Plane Tabic emplojod at the IJ. S, 
Coast Survejr Office, and the mannei of uBing it. 



Pook on Shipbuilding. 

8vo. Cloth. ?5.00, 

METHOD OF COMPAEINQ THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
cluding a Chapter on Laying off on the Mould-Loft Ploor. By 
Samuel M, Pook, Naval Constructor. 1 vol-, 8vo. With illus- 
trationa. Cloth. $5.00. 



\ 



Brunnow's Spherical Astronomy. 



SPHERICAL ASTRONOMY. By F. Brunnow, Ph. Dr. Trans- 
lated by the Author from the Second German edition. 
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Van Buren's Formulas. 

, 8vo. Cloth. $2.00. 

INVESTIGATIONS OF FOEMULAS, for the Strength of the 
Iron Parts of Steam Machinery. By J. D. Van Buken, Jr., 0. K 

Illuatrated. 

This is an analytical discussion of the formulse employed by mechanical 
engineers in determining the rupturing or crippling pressure in the different 
parts of a machine. The formulse are founded upon the principle, that the 
different parts of a machine should be equally strong, and are developed in 
reference to the ultimate strength of the material in order to leave the choica 
of a factor of safety to the judgment of the designer. ^8illiman*8 Journal, 



Joynson on Machine Q-earing. 

8vo. Cloth. $2.00. 

THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 

ing and Construction of General Machine Gearing, as Eccentrics, 

Screws, Toothed Wheels, etc., and the Drawing of Rectilineal 

and Curved Surfaces ; with Practical Eules and Details. Edited 

by Fkancis Herbert Joynson. Illustrated with 18 folded 

plates. 

" The aim of this work is to be a guide to mechanics in the designing and 
construction of general machine-gearing. This design it well fulfils, being 
plainly and sensibly written, and profusely illustrated." — Sunday Times. 



Barnard's Report, Paris Exposition, 

1867. 

Illustrated. 8vo. Cloth. $5.00. 

REPORT ON MACHINERY AND PROCESSES ON THE 
INDUSTRIAL ARTS AND APPARATUS OF THE EXACT 
SCIENCES. By F. A. P. Baenaed, LL.D.— Paris Universal 
Exposition, 1867. 

" We have in this volume the results of Dr/ Barnard's study of the Paris 
Exposition of 1867, in the form of an official Report of the Government. It 
is the most exhaustive treatise upon modem inventions that has appeared 
since the Universal Exhibition of 1851, and we doubt if anything equal to it 
has appeared this century."— e7(?wmai Applied Cliemiatry, 
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Engineering Facts and Figures. 

18m<i. Cloth. J3.G0 jier Volume. 

AN ANNUAL EEGISTEK OF PBOGKESS IN MECH.WI- 
C.AL ENGINEEEINS ANB CONSTEITCTION, for tin 1aa% 
1S03-64-6O-66-G7-6S. Fully iUuatrated. volumes. 
Each TOlumo Bold sepnrstely. 



Beckwith's Pottery. 

8vo. Paper. 00 conts. 

0BSEEVATI0N8 OX THE MATERIALS and Manufacture of 
T(!iTa-Cutta, Stono-Ware, Fire-Brick, Porcelain and Encaustio 
Tilea, with Hemarks on the Products exhihitod at tlie London 
International Eshibition, 1871. By Aktiicu Bbckwith, Civil 



" EvGTyiliing ia noticed in this book whioh oomes under the head of Pot- 
tery, from fine pgrcebin to ordinary brick, and aside from the intarest whieh 
all take in such manufiiotnreB, the work will be of considerable voloa to 
Mlowora of the ceramic axt:' —Eseruiig Milil. 



Dodd's Dictionary of Manufaotiires, etc. 



DICTIONARY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By Geokqe Dsdd. 

Thia work, a small book on B great subject, troata, in ttlphabetioal a^ 
rangoment, of those nuiiierons matters which come generally within the langa 
of manufacturea and the productiTG arts. The raw materiala — animal, v^e- 
table, and mineral — whence the manufactured prodncta are derivod, are suo- 
cinetly notieed in connection with tho procosaca which they undergo, bnt not 
aa subjeots of natural biatory. The operationa of the If uie and the Hill, the 
Foundry and the Forge, the Factory and the Workshop, ara passed under r6- 
Tho principal machines and enginea, toola and apparatus, concerned in 
manufacturing procesaen, are briefly described. The acalo on which our chief 
branches of national industry are conducted, in regpaid to values and quantitias, 
ia indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo. Illustrated. Cloth. $5.00. 

THE CIVIL Aisro MILITARY ENGINEERS OF AMERICA. 
By General Chables B. Stttart, Author of " Naval Dry Docks 
of the United States," etc., etc. Embellished with nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravings of some of the most important and original works 

constructed in America. 

Containing sketches of the Life and "Works of Major Andrew Ellicott, 
James Geddes (with Portrait\ Benjamin "Wright (with Portrait), Canvass 
"White (with Portrait), David Stanhope Bates, Nathan S. Roberts, Gridley 
Bryant (with Portrait), General Joseph G. Swift, Jesse L. "Williams (with 
Portrait), Colonel "William McRee, Samuel H. Kneass, Captain John Childe 
with Portrait \ Frederick Harbach, Major David Bates Douglas (with Por- 
trait), Jonathan Knight, Benjamin H. Latrobe (with Portrait), Colonel Char- 
les Ellet, Jr. vwith Portrait), Samuel Forrer, "William Stuart "Watson, John 
A. Roebling. 



Alexander's Dictionary of Weights 

and MeELSTires. 

8vo. Cloth. $3.60. 

UNIVEESAL DICTIONAEY OF WEIGHTS AND MEAS- 
URES, Ancient and Modern, reduced to the standards of the 
United States of America. By J. H. Alexander. New edition. 
1vol. 

" As a standard work of reference, this book should be in every library ; it 
is one which we have long wanted, and it will save much trouble and re- 
search." — Scientific American, 



Gouge on Ventilation. 

Third Edition Enlarged. 

8vo. Cloth. $2.00. 

NEW SYSTEM OF VENTILATION, which has been thoroughly 
tested under the patronage of many distinguished persons. By 
Hexry a. Gouge, with many illustrations. 
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Saeltzer's Acoustics. 

IStuo. Clalh. tS.OO. 

TREATISE ON ACOUSTICS in Connection with TentUation. 
With, a new theory baaed on an important discoveiy, of focilitst- 
in^ clear and intelligible sound in any building. By Axexaxdes 

Saeltzer. 

" A practical and very sound trcatiBC on a subject of (rr«it importance to 
arehitoots, and ono to which there hna hithorto Ix-ra entarif ton little attanliun 
paid. The aatbor'a theory is, thitt, hj bestawing' proper care upon the point 
of Aeouatica, tho raqnisito veatilation will bo obtained, and tice ixrsa. — 
Broukigii Union. 




Myer's Manual of Signals. ^H 

Edition. Knlargeil. 

49 FUtes full Roan. 4^.00. 

MANUAL OF SIGNALS, for tho Use of Signal Officers in tho 

Field, and for MiUtary and Naval Students, Military Schools, 

■ edition, enlai^ed and illustrated. By Brig. -Gen. 

Albegt J. Mitu, Chief Signal Officer of tlie Army, Colonel of 

il Corps during the War of the Rebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

Ifimo. Cloth. $1,00. 

CH'HEIi AND SECEET LETTER AND TELEGRAPHIC 

CODE, with Hogg's Improvements. The most perfect secret 

Code over invented or discovered. Impossible to read without 

the Key. Invaluable for Secret, Military, Naval, and Diplo- 

; Service, as well as fur Brokers, Bankers, and Merchants. 

, S. Labb.lbee, the original inventor of the scheme. 



42 SCISI.'^TinC JSOOKS PUBLISHED BY 

Ernst's Manual of Military En- 
gineering, 

193 WoodCaa andaLithograpLedPiatea. 13mo. Qotli. ^.00. 
A MANUAL OF PEACTICAL MILITARY ENGINEER- 
ING. Prepared for the use of the Cadets of the XT. S. Military 
Academy, and for Engiaeer Troops. Bj Capt 0. H. Eilnst, 
Corps of Engineers, Instructor in Practical Military Engi- 
neering, U. S. Military Academy. 



01nirch*s Metallurgical Journey. 

34 Illaatrationfl, 8vo. Cloth. JS.OO. 
NOTES OF A METALLUIiGICAL JOUHNEY II 
EUROPE. By Johs A. Chuech, Engineer of Mines. 



Blake's Precious Metals. 

8\-o. Clolli. $2.00. 

REPORT UPOJ^ THE PRECIOUS METALS : Being Statisti- 
cal Notices of the principal Gold and Silver producing regions 
of the World. Eepresented at the Paris Universal Exposi- 
tion. By William P. Blaee, Commissioner fi'om the Statp 
of California. 



Clevenger's Surveying. 

Illustrnted Pocket Form. Morocco Gilt. $3.50. 
A TREATISE ON THE METHOD OF flOVERNMENT 
SURVEYING, as prescribed by the United States Congress. 
and Commissioner of the General Land Office. With com- 
plete Mathematical, Astronomical and Practical Inatmctions, 
for the use of the United States Surveyors in the Field, and 
Students who contemplate engaging in the business of P'ublic 
Land Sm-veying. By S. E. Clevehgee, U. S. Deputy Sur- 
veyor. 

" The repatatlon of tlia author tx t. survej'or gnaranteea an ezlianstlve 
treatise on tliia subjoct." — Dakota Register. 
" SurveyorH have long needed a teit-boot of tliia description. — The Prat, 
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Bow on Bracing. 



3 IlluBtratioiiB on Stone. 8vo. Clotli. $1.50. 



A THEATISE OX BRACINCt, w 

niid other Structures of \Voud t 
Bow, C. E. 



its upiilicaliuii to Bridges 
Iron. By lloBEiiT Henry 



Howard's Earthwork Mensuration. 

8vo. Illuatrated. Clotli. $1,50. 

EARTHWORK MENSURATION ON THE BASIS OF 
THE PRISMOIDAL FORMUL.^. Contaiuiug simple uml 
labor-saving method of obtuiuiug Prismoidal ContL'nta direct- 
ly from End Areas. Illuatrated by Examplea, and accom- 
panied by Plain Rules fur practical uses. By Conway R. 
HowAKD, Civil Engiueer, RichmouJ, Va. 



MoAlpine's Modern Engineering. 

Second Edition. 8to. ClotU. J1.50, 

MODERN ENGINEERING. A Lecture delivered at the Amer- 
ican Institute in New York, By Wir.Li.vM J. McAlpink. 



Mowbray's Tri-Nitro-Glycerine. 

Bvo. Clotli. Illuatrated. f3.00. 

TRI-NITRO-GLYOERINE, as applied in the Hoosac Tunnel, 
and to Submarine Blasting, Torpedoea, Quarrying, etc. Being 
the result of ais years' obaervation and practice during the 
manufacture of five hundred thousand pounds of this explo- 
aive, Mica Blasting Powder, Dynamites; with an account of 



/ 



^ 
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Prescott's Proximate Organic 

Analysis. 

12mo. Cloth. $1.75. 
OUTLINES OF PROXIMATE ORGANIC ANALYSIS 

for the Identification, Separation, and Quantitative Deter- 
mination of the more commonly occurring Organic Com- 
pounds. By Albert B. Prescott, Professor of Organic 
and Applied Chemistry in the XJniYersity of Michigan. 



Prescott's Alcoholic Liquors. 

12mo. Cloth. $1.50. 

CHEMICAL EXAMINATION OF ALCOHOLIC LI- 
QUORS. A Manual of the Constituents of the Distilled 
Spirits and Fermented Liquors of Commerce, and their 
Qualitative and Quantitative Determinations. By Albert 
B. Prescott, Professor of Organic and Applied Chemistry 
in the University of Michigan. 



Greene's Bridge Trasses. 

8vo. Illustrated. Cloth. $2.00. 

GRAPHICAL METHOD FOR THE ANALYSIS OF 
BRIDGE TRUSSES, extended to Continuous Girders 
and Draw Spans. By Charles E. Greene, A.M., Pro- 
fessor of Civil Engineering, University of Michigan. Illus- 
trated by three folding plates. 



Butler's Projectiles and Rifled 

Cannon. 

4to. 32 Plates. Cloth. In press. 
PROJECTILES AND RIFLED CANNON. A Critical 
Discussion of the Principal Systems of Rifling and Projec- 
tiles, with Practical Suggestions for their Improvement, as 
embraced in a Report to the Chief of Ordnance, U.S.A. By 
Capt. JoHK S, Butler, Ordnance Corps, U.S.A. 
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lO. 

COMPOUND ENGINES. Translated from the French of 
A. Mallet. Dlustrated. 



11. 
THEORY OP AECHES. By Prof. W. Allan, of the 
Washington and Lee College. Illustrated. 



12. 

A PRACTICAL THEORY OF VOXJSSOIR ARCHES. By 
William Cain, C.E. Illustrated. 



13. 
A PRACTICAL TREATISE ON THE GASES MET 
WITH IN COAL-MINES. By the late J. J. Atkinsons-, 
Government Inspector of Mines for the County of Durham, 
England. 



14. 
FRICTION OF AIR IN MINES. By J. J. Atkinson, 
Author of "A Practical Treatise on the Gases met with in 
Coal-Mines.'' 



15. 
SKEW ARCHES. By Prof. E. W. Hyde, C.E. Illustrated 
with numerous engravings and three folded plates. 




SILVER MINING BEGIONS OF COLORADO, with some 
account of the different Processes now being introduced for 
working tlie Gt)ld Ores of that Territory. By J. P. Whitket. 
12mo. Paper. 25 cents. 



CX)LORAIX): SCHEDULE OF ORES contributed by sundry 
persons to the Paris Universal Exposition of 1867, with some 
information about the Region and its Resources. By J. P. 
Whitkbt, Commissioner fix)m the Territory. 8vo. Paper, with 
Maps. 25 cents. 

THE SILVER DISTRICTS OF NEVADA. With Map. Svo. 
Paper. 35 cents. 

ARIZONA : ITS RESOURCES AND PROSPECTS. By Hon. 
R. C. McCoRJiicK, Secretary of the Territory. With Map. Svo. 
Paper. 25 cents. 



MONTANA AS IT IS. Being a general description of its Re- 
sources, both Mineral and Agricultural; including a complete 
description of the face of the country, its climate, etc. Illustrated 
with a Map of the Territory, showing the different Roads and 
the location of the different Mining Districts.' To which is 
appended a complete Dictionary of The Snake La.ngua.ge, and 
also of the famous Chinnook Jargon, -wdth numerous critical and 
explanatory Notes. By GBAmrnxE Stuakt. Svo. Paper. $2.00. 



llAIIiWAY GAUGES. A Review of the Theory of Narrow 
Gauges as applied to Main Trunk Lines of Railway. By Silas 
Seymour, Genl. Consulting Engineer. 8vo. Paper. 50 centSj. 



REPORT made to the President and Executive Board of the 
Texas Pacific Railroad. By Gen. G. P. Buell, Chief Engineer. 
Svo. Paper. 75 cents. 
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